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ABSTRACT 
Breakwaters have been constructed in many areas along Louisiana’s coastline to protect the shoreline 
from wave energy and erosion.  During normal conditions, these breakwaters can typically be analyzed 
using traditional empirical methods for emergent breakwaters.  However, Louisiana’s coastline is under 
constant threat from tropical storms and hurricanes, during which breakwaters can frequently become 
overtopped or submerged systems.   
Recent studies show that the type of shoreline response to a breakwater system may vary depending on 
the crest height of the breakwater in relation to the mean water level.  Though emergent breakwaters 
typically induce sediment accretion along the shoreline, studies using laboratory and numerical models 
indicate that overtopped or submerged breakwaters may increase erosion of the shoreline.  This 
variation of the hydrodynamic patterns and shoreline response is of particular interest for breakwaters 
along shorelines that can be impacted by hurricanes and other events that trigger large variances in 
water level, as the breakwaters may periodically shift between emergent and submerged states. 
The Holly Beach Breakwater System has been constructed to protect a vital piece coastline in 
southwestern Louisiana.  These breakwaters are typically emergent, but can frequently be inundated by 
surge events and become submerged, and therefore may not always perform as intended.  This study 
uses topographic survey data, aerial photography, and wave and surge information associated with 
Hurricanes Rita and Ike to identify the sediment transport patterns generated by emergent breakwaters 
impacted by storm surge and waves. 
The results of this study show that during a storm event the sediment transport patterns within the 
breakwater system are very different from those of an emergent system and vary with the geometry of 
the breakwater system.  During Hurricanes Rita (2005) and Ike (2008), breakwaters near the shoreline 
exhibited extreme erosion and very little accretion, while breakwaters farther from the shoreline 
ix 
showed more accretion which, in some cases, offset the erosion of the beach.  Erosion to accretion 
ratios for segments of breakwaters near the shore were 20 to 50 times higher breakwaters farther from 
shore.  The cause of these erosion patterns is investigated based on the hydrodynamic conditions of 
Hurricanes Rita and Ike. 
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CHAPTER 1: INTRODUCTION 
Coastal land loss is currently contributing to the rapid deterioration of Louisiana’s coastline.  Wetlands 
and barrier islands provide many benefits to areas in the southern portion of the state such as wildlife 
habitat, storm surge reduction, and wave height attenuation. Many efforts have been undertaken to 
restore the wetlands in order to maintain these benefits. However, the land-sea interface between the 
wetlands and the Gulf of Mexico is a dynamic system that is controlled by a multitude of physical 
processes that affect both waves and wetlands. The interaction of these processes must be understood 
at the most elementary level if we desire to predict the results of these processes on a larger scale. 
The deterioration of coastal wetlands can be addressed by both shore protection and restoration 
projects.  Shore protection features such as breakwaters, rock barriers, and land bridges are vital to 
fostering the sustainability of the interior wetlands and barrier islands.  These features protect the 
shorelines, barrier islands, and interior wetlands against wave action, storm surge, and, in some cases, 
saltwater intrusion that can lead to the degradation of the wetlands.  Without these features, the 
wetlands and barrier islands, and the ecosystems they support, cannot be considered sustainable long-
term. 
The Holly Beach Breakwater System is one such feature that has been constructed to protect a vital 
piece of coastline in the southwestern portion of Louisiana.  The Holly Beach Breakwater System, 
Louisiana DNR Project CS-01, is a breakwater field approximately 7 miles in length located in the vicinity 
of Holly Beach in Cameron Parish, Louisiana.  These breakwaters were constructed to protect Louisiana 
State Highway 82, an important hurricane evacuation route that runs parallel to the coastline along 
Holly Beach, by preventing beach erosion and inducing sediment accretion along the shoreline.  By 
reducing shoreline retreat and extending the beach profile seaward, the breakwaters are intended to 
decrease the susceptibility of the highway to washouts during storm events. 
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1.1 Segmented Breakwaters 
Detached segmented breakwaters of various shapes and sizes are used as shore protection structures 
because of their ability to reduce wave energy.  As wave energy is reduced by breakwaters, coastal 
processes resulting from waves such as wave breaking, sediment suspension due to wave energy, and 
alongshore currents are altered.  In turn, breakwaters also alter the natural sediment transport 
processes of the coastal zone.  In some cases, the sediment transport processes may be altered in such a 
way that deposition of sediment causes accretion that extends the shoreline towards the breakwaters.  
This increase in sediment deposition can modify the natural shape of the shoreline and lead to the 
formation of shoreline features.   
Typically, shoreline features form directly behind segmented breakwaters.  The most common types of 
shoreline features associated with breakwaters, salients and tombolos, form as a result of the reduction 
of wave energy immediately behind the breakwater structure.  As wave energy is reduced in the lee of 
the structure, but allowed to pass between the gaps between breakwaters, sediment begins to 
accumulate along the shoreline behind individual breakwaters.  This accumulation pattern, which causes 
the shoreline to move seaward directly behind the breakwater, is known as a salient.  If conditions are 
favorable such that this shoreline feature extends completely to the breakwater structure, the feature is 
called a tombolo. 
In practice, the preferred shoreline features desired in response to breakwaters varies by project.  
However, for most cases in Louisiana, the formation of salients is preferred to the formation of 
tombolos.  For some shorelines along the Louisiana coast, particularly at Holly Beach in southwestern 
Louisiana, the primary sediment source available for sediment accumulation is alongshore sediment 
transport.  When breakwaters are placed along a shoreline, wave energy is reduced and, in turn, 
alongshore currents are reduced.  As a result, alongshore sediment transport is also reduced and 
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sediment is deposited along the shoreline.  While this sediment deposition is usually the goal of 
constructing breakwaters, the formation of tombolos can effectively cut off the alongshore sediment 
supply and starve the remaining shoreline of sediment.  For this reason, salients are typically preferred. 
 
Figure 1 - Tombolos at Holly Beach following a beach nourishment project 
(American Shore and Beach Preservation Association photo, circa 2003) 
A variety of methods for predicting shoreline response to breakwaters exist, including physical models, 
numerical models, and empirical models.  Commonly referenced empirical methods include the Dally 
and Pope (1986) method, the Suh and Dalrymple (1987) method, and the Pope and Dean (1987) 
method.  All of these empirical methods agree that beach response is a function of breakwater length, 
breakwater distance from shore, and gap distance between breakwaters, but each method relates these 
parameters differently and defines different criteria for formation of shoreline features such as salients 
and tombolos.  In addition, while these empirical methods for predicting the performance of 
breakwaters are useful, they are based only on the response of the shoreline and do not attempt to 
integrate the particular hydrodynamics of the system.  In order to better predict the effect breakwaters 
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will have on a shoreline, the fundamentals of the nearshore hydrodynamics must be more fully 
understood. 
Recent studies show that the type of shoreline response observed may vary depending on the level of 
emergence or submergence of the breakwater (Caceres, Sanchez-Arcilla, Zanuttigh, Lamberti, & Franco, 
2005; Du, Pan, & Chen, 2010; Ranasinghe & Turner, 2006; Ranasinghe, Turner, & Symonds, 2006).  The 
previously mentioned empirical methods typically consider only emergent breakwater systems and do 
not account for hydrodynamic variations between systems.  In some cases, however, breakwaters may 
be partially submerged (overtopped) or fully submerged.  The variance in emergence or submergence of 
a breakwater strongly affects the nearshore hydrodynamic circulation patterns around the breakwater.  
This variation of the hydrodynamic circulation is of particular interest for breakwaters along shorelines 
that can be impacted by storms and other events that trigger large variances in water level, as the 
breakwaters may periodically shift between emergent, overtopped, and submerged states.  As will be 
shown later in this study, these brief periods of submergence may impact the breakwaters severely 
enough such that considerations of these events should be made in breakwater design, analysis, and 
monitoring. 
1.1.1 Emergent Breakwater Circulation Patterns 
When a breakwater is emergent, the primary factor driving nearshore circulation patterns is the 
diffraction of wave energy.  Caceres et al. (2005) show that an emergent, non-overtopped breakwater 
results in a “closed” hydrodynamic circulation pattern, characterized by two vortices or currents 
generated at each end of the breakwater converging in the lee of the structure.  In addition, application 
of the COAST2D Model by Du et al. (2010) demonstrates agreement with the closed circulation pattern 
noted by Caceres et al. (2005).  An illustration of the circulation pattern exhibited around an emergent 
breakwater is shown in Figure 2: 
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Figure 2 - Circulation pattern around an emergent breakwater system (Adapted from 
Caceres et al., 2005) 
The hydrodynamic circulation pattern observed in the lee of an emergent breakwater can result in the 
formation of salients or tombolos, provided the breakwater is of proper geometry in relation to the 
shoreline, and sufficient sediment is available for formation of shoreline features.  As two converging 
currents circulate in the lee of the structure, sediment is suspended and deposited centrally behind each 
respective breakwater along the shoreline.  This pattern of sediment deposition results in the formation 
of shoreline features. 
1.1.2 Overtopped Breakwater Circulation Patterns 
The overtopped breakwater condition occurs when the water level rises such that a previously emergent 
breakwater is frequently overtopped by waves.  This can occur during conditions of high tide, events of 
strong wind conditions such as cold fronts, or storm surge associated with tropical storms and 
hurricanes. 
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When overtopped, the nearshore hydrodynamic circulation patterns around a breakwater typically 
differ from that of a fully emergent breakwater.  Caceres et al. (2005) observed that, when a breakwater 
is overtopped, the seaward return flow through the gaps between breakwaters is significantly increased.  
Though the nearshore circulation pattern near the breakwater still results in two currents, the currents 
are divergent towards the ends of the breakwater, rather than convergent as seen in the lee of a fully 
emergent breakwater.  An illustration showing the circulation pattern around an overtopped breakwater 
is shown in Figure 3: 
 
Figure 3 – Effect of overtopping on breakwater system (Adapted from Caceres et al., 2005) 
The circulation pattern generated by the overtopped condition typically results in retreat of the 
shoreline in the lee of the breakwater.  As the currents in the area between the breakwater and the 
shoreline diverge and move seaward through the gaps between breakwaters, sediment in the lee of the 
breakwater is suspended and carried offshore, resulting in erosion. 
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1.1.3 Submerged Breakwater Circulation Patterns 
In their paper “Shoreline Response to Submerged Breakwaters: A Review”, Ranasinghe & Turner (2006) 
study numerous submerged detached breakwater systems in an attempt to develop an empirical 
relationship to characterize the response of a shoreline to submerged breakwater systems.  The authors 
found that, while some investigations suggest that submerged breakwaters may result in larger salients 
than those that would result from an emergent breakwater of similar size, other investigations indicated 
that submerged breakwaters may result in shore erosion in the lee of the structure.  In contrast, 
significant shore erosion is rarely found in the lee of emergent breakwaters (Ranasinghe & Turner, 
2006).  These inconsistencies in shoreline response demonstrate that the hydrodynamic and sediment 
transport mechanisms associated with submerged breakwaters are completely different from those of 
emergent breakwaters.  Therefore, the methods that are currently used to predict shoreline response to 
emergent structures may not be suitable to determine the shoreline response to submerged 
breakwaters.  Local hydrodynamic conditions may alter the circulation patterns around submerged 
breakwaters. 
1.1.3.1 Nearshore Submerged Breakwaters 
Numerical studies indicate that, while the hydrodynamic circulation pattern of a submerged breakwater 
is similar to that of an emergent breakwater in that two vortices are formed in the lee of the structure, 
the circulation pattern varies in that the two vortices oppose one another.  As two opposing currents 
circulate in the lee of the structure, sediment is suspended and carried offshore, passing through the 
gaps between breakwaters.  This circulation pattern corresponds with observations by Ranasinghe & 
Turner (2006) of submerged breakwaters that contribute to increased erosion of the shoreline.  The 




Figure 4 - Circulation pattern around nearshore submerged breakwater system (Adapted 
from Ranasinghe & Turner, 2006) 
1.1.3.2 Offshore Submerged Breakwaters 
Ranasinghe et al. (2006), using the numerical model MIKE 21 CAMS and laboratory models, show that 
nearshore circulation patterns for submerged breakwaters consist of two opposing circulation cells in 
the lee of the structure.  However, when the structure is moved further offshore, two secondary inshore 
circulation cells are observed in addition to the two opposing cells directly behind the structure.  This 4-




Figure 5 - Lab model demonstrating hydrodynamic patterns of submerged offshore breakwater 
(Ranasinghe et al., 2006) 
Model results for shoreline response indicate that when the structure is located close to shore 
significant erosion in the lee of the structure is present, but when structure is moved further offshore a 
salient forms in the lee of the structure at the shoreline, with erosion immediately behind the structure.  
These results indicate that the hydrodynamic processes near submerged breakwaters are different than 
the hydrodynamic processes that govern shoreline response to emergent breakwaters (Ranasinghe et 
al., 2006).  Response to submerged structures is influenced by a circulation pattern consisting of 
onshore flow over the structure, while the shoreline response to emergent structures is governed by 
wave diffraction at the structure.  An illustration showing the circulation pattern around an offshore 
submerged breakwater is shown in Figure 6: 
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Figure 6 - Circulation pattern around an offshore submerged breakwater system (Adapted 
from Ranasinghe et al., 2006) 
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CHAPTER 2: PURPOSE, HYPOTHESIS, AND STUDY OBJECTIVES 
2.1 Purpose 
Detached breakwaters have been constructed in many areas along Louisiana’s coastline to protect the 
shoreline from wave energy and against erosion.  During normal conditions, these breakwaters can 
typically be analyzed using traditional empirical methods for emergent breakwaters.  However, as 
Louisiana’s coastline is under constant threat from tropical storms and hurricanes, these breakwaters 
can frequently become overtopped or submerged systems during such high energy events.  Therefore, 
breakwaters along the Louisiana coastline may not be suitable for typical analysis methods, and should 
be analyzed using a variety of methods for both emergent and submerged breakwaters to fully assess 
their impacts.  This study attempts to determine the performance of breakwaters during high energy 
events and determine their effectiveness during such events.  In addition, this study evaluates 
traditional methods for monitoring shorelines and evaluating response to shoreline protection 
structures.  Typically, shoreline transects are surveyed and recorded, and calculations are performed 
across the system under the assumption that these transects are typical between specified spatial 
intervals.  This study attempts to achieve similar, or more accurate, results using three-dimensional 
topographic surface analysis.  Furthermore, this study attempts to identify the local erosion and 
accretion patterns of the system using the three-dimensional topographic surfaces and, in turn, use 
these sediment transport patterns to link local hydrodynamic patterns within the system as identified in 
previous research. 
2.2 Hypothesis 
By comparing the varied nearshore hydrodynamic patterns induced by breakwaters subjected to 
different hydrodynamic conditions, it is hypothesized that the performance of breakwaters is different 
during high energy events than under normal conditions.  By comparing the sediment transport patterns 
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near a breakwater system during high energy events with the sediment transport patterns near the 
same breakwater system during normal conditions, the impacts of breakwaters on the shore during 
hurricanes can be quantified.   
Considering this hypothesis, it may be possible to show that breakwaters actually increase erosion shore 
during high energy events if placed improperly.  Previous studies indicate that submerged breakwaters 
can, in some cases, increase shore erosion, especially when they are near the shoreline.  Therefore an 
emergent breakwater that becomes submerged due to storm surge may actually increase the erosion of 
the shore it is intended to protect during a storm surge event. 
2.3 Study Objectives 
The primary objective of this study is to more fully understand and quantify the response of a beach to a 
breakwater field under different forcing conditions.  To this end, both the emergent breakwater state 
corresponding to normal conditions and the submerged breakwater state corresponding to high surge 
events are considered. 
Previous studies have characterized the shoreline response of the Holly Beach breakwater system in 
relation to traditional empirical models.  In addition, monitoring efforts by the Louisiana Coastal 
Protection and Restoration Authority (CPRA) have studied the net sediment transport into and/or out of 
the system.  This study aims to build on the current knowledge of the breakwater system to better 
understand the sediment transport patterns under surge conditions as well as during normal conditions 
so that future breakwater projects, beach nourishment projects, and beach protection projects can be 





To complete the previously stated Study Objectives from Section 2.3, the work has been divided into the 
following tasks: 
Literature Review - In order to fully understand how detached breakwaters influence the shoreline, a 
variety of previous studies concerning nearshore circulation patterns around emergent and submerged 
breakwaters and shoreline response to high energy events with and without the presence of 
breakwaters were studied.  Once the literature review was complete, the knowledge gained from these 
studies was applied to a dataset for the Holly Beach Breakwater System in order to determine if a 
correlation can be made between the shoreline response to the system and high energy events that 
impact the system. 
An extensive review of existing literature concerning breakwaters has been conducted.  The particular 
topics that have been explored include, but are not limited to,  
1. Breakwater effects on nearshore hydrodynamics 
2. Breakwater effects on shoreline response 
3. Breakwater overtopping 
4. Submerged breakwaters 
5. Shoreline response to storm events 
6. Holly Beach studies and monitoring reports by CPRA 
 
Data Collection and Analysis - Data have been collected from multiple sources in order to complete the 
stated tasks.  Data collected includes, but is not limited to, the following: 
1. Holly Beach survey data – a survey dataset was provided by the Louisiana Coastal Protection and 
Restoration Authority (CPRA).  This dataset contains topographic and bathymetric survey data 
from surveys performed in 2003 (at the completion of the beach nourishment project CS-31), 
2005 (prior to Hurricane Rita), 2006 (following Hurricane Rita, before Hurricane Ike), and 2009 
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(following Hurricane Ike).  This dataset includes 15 shoreline transects surveyed at various 
locations along the length of the project and profiles of breakwaters 1, 20, 48, 68, and 83 for all 
data collection periods.  In addition, the surveys performed in 2005 and 2006 added an 
additional 16 shoreline transects for a total of 31 transects performed during these two surveys.   
2. Storm Data – storm data from the time periods corresponding to the survey data have been 
collected in order to correlate the conditions of particular events to the response of the 
shoreline to those events.  Notable parameters that have been researched are wind speed, 
storm surge, wave height, and storm duration.  A summary of storms that impacted Holly Beach 
during the time period of interest if given in Table 1: 
Table 1 – Tropical storms and hurricanes making landfall in vicinity of Holly Beach during study period 
(National Hurricane Center) 
Tropical Storms/Hurricanes Making Landfall Near Holly Beach (2003 - 2010) 
Date Storm Name (Category) Landfall Location 
Distance from 
Holly Beach 
September, 2004 Tropical Storm Ivan Holly Beach, LA 0 miles 
September, 2005 Hurricane Rita (5) Johnson's Bayou, LA 15 miles 
September, 2007 Tropical Storm Humberto Port Arthur, TX 30 miles 
August, 2008 Tropical Storm Edouard Sabine Pass, TX 26 miles 
September, 2008 Hurricane Ike (4) Galveston, TX 85 miles 
 
In addition, hydrodynamic information generated by the numerical models ADCIRC and SWAN 
by Chen & Hu (2012) has been collected to use in conjunction with the survey data. 
3. Aerial Photography – aerial photography has been collected in order to qualitatively determine 
the shoreline changes in response to the Holly Beach breakwater system and to provide a 
reference for the survey data application.  In addition, the shoreline shape depicted by the 
photography has been compared with the expected response of the dominant conditions 
(emergent or submerged) at the time of documentation.  Aerial photography has been 
published by the U.S. Geological Survey (USGS), CWPPRA, and the Louisiana Department of 
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Environmental Quality and obtained from the Louisiana Department of Natural Resources 
SONRIS system, the LSU Atlas System (atlas.lsu.edu), and the USDA National Agriculture Imagery 
Program (NAIP).  Aerial photography is available for 1998, 2004, 2005, 2006, 2007, 2008, and 
2010. 
Data Application - The data collected have been applied to determine the response of the shoreline to 
the Holly Beach breakwater system.  Application of the data includes the following: 
1. The data provided by CPRA has been analyzed both qualitatively and quantitatively.  In the 
qualitative aspect, the shape of the shoreline has been studied for each year to determine what 
the general effect of high energy events is on the beach profile in regards to the breakwater 
system.  Quantitatively, the survey data have been used in a variety of different ways to 
determine the movement of sediment within the system during the time interval between each 
survey.  Analysis methods and tools used include shoreline profiles and cut/fill sections 
constructed in AutoCAD Civil 3D and sediment transport calculations performed using the data 
obtained from the shoreline profiles.   
2. The storm data collected have been used to determine when the breakwater system can be 
considered to function as a submerged breakwater system.  By determining when the system 
was impacted by high energy events, a comparison is made to determine if the breakwaters and 
the response of the shoreline display characteristics similar to other submerged systems that 
have been studied.  Detailed hydrodynamic information of storm surge, wave heights, and 
currents is used to determine if spatial variability in the surge and wave conditions cause 
sediment transport variations within the system.  These data also used in conjunction with the 
CPRA survey data to quantify the sediment transport in or out of the system during specific time 
frames and/or events. 
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3. Aerial photography collected has been used to qualitatively determine if the Holly Beach 
shoreline responds as expected to different states of the breakwaters by comparing the 
alongshore beach changes shown by aerial photography taken during a particular time frame to 
the storm and weather data collected. In addition, the aerial photography has been correlated 
to the survey data so that the changes to the shoreline can be quantified. 
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CHAPTER 3: CASE STUDY: THE HOLLY BEACH BREAKWATER SYSTEM 
3.1 Introduction to the Holly Beach Breakwater System 
In 1985, six experimental breakwaters were constructed by the Louisiana Department of Transportation 
and Development (LADOTD) in order to evaluate their effectiveness of protecting the shoreline adjacent 
to Louisiana Highway 82.  After monitoring, LADOTD and the state Coastal Restoration Division (CRD) 
concluded that constructing an extensive breakwater system along Holly Beach would be the most 
effective method of protecting LA 82 from storm impacts by mitigating erosion effects along the 
shoreline parallel to the highway. 
3.2 Holly Beach Breakwater System Project History and Design 
In June 1991, construction began on Phase I of the Holly Beach Breakwater System (CS-01), which 
included 34 rubble mound segmented breakwaters beginning at Constance Beach and extending 
eastward 14,600 feet.  Construction of this phase was completed in September 1991 and monitoring of 
the system subsequently began in 1992.  Phase II of the project entered the construction phase in 1992 
and consisted of 21 additional breakwaters, 8 to be constructed on the western end of the existing 
system and 13 to be added to the eastern side.  Phase III, 21 additional structures to be placed on the 
eastern side of now completed Phase II east breakwaters, began in September 1993 and was completed 
in December of the same year, resulting in a total of 76 completed breakwaters.  Phase IV included the 
construction of 9 more structures on the western end of the system in December 1993.  The Holly Beach 
Breakwater System was completed at 85 breakwaters, making it the largest segmented breakwater 
system in the United States (Coastal Planning and Engineering, 2001).   
Upon completion, the 85 breakwaters ranged from 150 feet to 175 feet in length, with gaps ranging 
from 250 feet to 330 feet.  The average crest elevation of the completed breakwaters was +3.8 feet 
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North American Vertical Datum of 1929 (NGVD).  Stone size ranged from 2400 pounds to 4000 pounds.  
The average wave height at Holly Beach is 2 to 3 feet with a period of 5 to 7 seconds.  Wave direction is 
predominantly out of the south and southeast, resulting in a littoral transport ranging from 40,000 
yd
3
/year to 96,000 yd
3
/year in a westerly direction.  Median grain size at Holly Beach is 0.11-0.15 mm 
(Coastal Planning and Engineering, 2001). 
As the beach continued to erode after the initial construction of the project, measures were taken to 
improve the breakwater system.  In April 2002, 12 selected breakwaters were “capped”, which consisted 
of placing an additional layer of armor stone over the breakwaters.  In May 2002, construction of 
extensions for 11 breakwaters began and was completed in June of the same year.  In addition to the 
breakwater structural enhancements, a beach nourishment project began in September 2002.  By March 
2003, 1.75 million cubic yards of sand had been placed along 5.3 miles of the shoreline, and 5.64 miles 
of sand fencing was placed on the eastern end of the project.  The beach nourishment project is 
identified by the Louisiana Coastal Protection and Restoration Authority (CPRA) as the Holly Beach Sand 
Management Project (CS-31) and includes continued monitoring of the system. 
The design profile of the beach nourishment project specified a design berm 50 feet wide, constructed 
to an elevation of +5 NGVD along the beach from breakwater 12 to breakwater 70.  In addition to the 
design berm, advance fill would be used to extend the berm 25 feet behind breakwaters 12 through 22 
and breakwaters 34 through 70.  Advance fill would extend the berm 50 feet behind breakwaters 23 
through 33.  The beach profile would then slope from the berm crest to mean tide level (+1.3 feet 
NGVD) across a horizontal distance of approximately 110 feet, resulting in an equilibrium beach slope of 
1V:30H.  Sand would be obtained from a borrow site approximately 5 miles offshore of Holly Beach 
consisting of sediment of similar grain size to the existing sediment at Holly Beach.  Sand fence would be 
placed near the back of the berm to induce dune formation.  The design profile of the beach fill project 
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was projected to provide a level of protection that would result in minimal overtopping of LA 82 during a 
5-year storm event (Coastal Planning and Engineering, 2001). 
Following the completion of CS-31, the Holly Beach Breakwater System has been impacted by severe 
hurricanes.  On September 24
th
, 2005, Hurricane Rita, a category 5 hurricane, made landfall at Johnson’s 
Bayou, Louisiana approximately 15 miles west of Holly Beach.  Although all tidal gauges were destroyed 
during the storm, the maximum storm surge recorded during Hurricane Rita according to high water 
marks was approximately 15 feet above mean sea level (MSL) (Knabb et al., 2011).  In addition, on 
September 13
th
, 2008, Hurricane Ike, a category 3 hurricane, made landfall in Galveston, Texas 
approximately 85 miles west of Holly Beach.  Although Hurricane Ike made landfall nearly 100 miles 
away from the project area, the east-to-west path of the storm caused Hurricane Ike to travel very near 
the Louisiana coastline, resulting in a storm surge of 10.44 feet above MSL near Holly Beach as recorded 
by the Calcasieu Pass tide gauge (Berg, 2010).  Both Hurricane Rita and Hurricane Ike had significant 
impacts to the Holly Beach Breakwater System, as indicated by aerial photography and survey data. 
3.3 Previous Studies 
The Holly Beach Breakwater System has been the subject of numerous studies to determine the 
effectiveness of segmented breakwaters to reduce shoreline retreat and influence sediment transport. 
Underwood et al. (1999) published a paper titled “Beach response to a segmented breakwater system, 
southwest Louisiana, U.S.A” summarizing model results and data analysis to quantify beach volume 
changes within the breakwater system.  The results of the study indicate that initial beach response to 
each phase of construction was positive and sediment accretion occurred behind the breakwaters.  
Despite the initial positive response, sediment deposition decreased and the shoreline began to once 
again erode, especially in the middle and western portions of the system.  However, the volume 
difference during the time period studied from 1990 to 1995 still resulted in net sediment accretion, 
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mostly due to a large depositional element forming on the eastern side of the system (Underwood et al., 
1999).  According to the study, this result appears to be a function of the net sediment transport 
direction, which is from east to west. 
In 2000, Coastal Planning and Engineering (CPE), under the direction of the Louisiana Department of 
Natural Resources, conducted a comprehensive study to determine how to improve the breakwater 
system to further slow shoreline retreat, induce sediment accretion, and develop a comprehensive 
management plan.  CPE used empirical models, such as the Suh & Dalrymple (1987) method and Pope 
and Dean (1987) method, and numerical models, such as GENESIS and SBEACH, to model the shoreline 
response to the breakwaters.  In addition, CPE used historical shoreline change data and sediment 
transport data to determine the sediment budget of the system.  Survey data from 1990 to 1995 was 
also used to determine the shoreline response to the breakwaters. 
The study performed by CPE had numerous significant findings that were then used to develop a 
strategy for improving the breakwater system.  First, analysis of the breakwater system using empirical 
relationships indicated that the breakwaters at Holly Beach were placed too far offshore and the gaps 
between breakwaters were too wide.  This analysis resulted in the rehabilitation or extension of select 
breakwaters that could be improved.  Breakwaters 11, 12, 13, 14, 15, 16, 17, 20, 23, 31, 32, and 38 were 
“capped” by placing a layer of armor stone over the existing breakwaters, and breakwaters 12, 13, 14, 
15, 19, 20, 21, 22, 23, 24, and 25 were extended with mattress and armor stone placement, as 
previously discussed in the project history. 
The study conducted by CPE also concluded that the sediment available for deposition along the 
shoreline, especially sand, is limited.  The shoreline in the vicinity of Holly Beach is part of a chenier plain 
formed in the Holocene period consisting primarily of mud flats covered with a thin layer of sand.  Since 
the formation of the chenier, the Mississippi River has maintained its channel permanently to the east 
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and the Atchafalaya River has been regulated, resulting in little sand delivery to the system.  While little 
sand is being delivered to the system, wave action, primarily caused by storms, removes sediment from 
the system and causes shoreline retreat.  These factors, coupled with the deficiencies found with the 
breakwaters themselves, lead to the trapping of some sediment behind the eastern end of the 
breakwater system, while the shoreline behind the western breakwaters continued to retreat (Coastal 
Planning and Engineering, Inc., (2001).  Therefore, a beach nourishment project was implemented in 
conjunction with the aforementioned breakwater improvements which added 1.75 million cubic feet of 
sand obtained from a borrow site with approximately five miles offshore of Holly Beach to the system.
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CHAPTER 4: METHODOLOGY 
4.1 Methods for Survey Data and Creation of 3-D Topographic Surfaces 
4.1.1 Acquisition of Survey Data 
Survey Data was acquired from CPRA.  The surveys were performed by John Chance Land Surveys, Inc. 
under DNR Contract No. 2503-08-17 and submitted to CPRA in April, 2009.  For the purposes of this 
study, all survey data are assumed to be free from errors and accurately documented and referenced.  A 
full description of the work performed, data collected, equipment used, datums referenced, check 
procedures, and horizontal and vertical control can be found in the Survey Report.  A copy of the Survey 
Methodology Report is included in Appendix D. 
4.1.2 Development of Survey Data Inventory 
Upon receipt of the survey data, all data were sorted and an inventory was created in order to identify 
the data available for analysis.  Data were sorted by year and by site location in order to create an 
inventory that can identify comparative datasets.  The following table identifies the survey data 
available for analysis by year and survey location: 
Table 2 – Survey Data Available (CPRA) 
SURVEY DATA AVAILABLE 
Station 2003 2005 2006 2009 Transect Location 
Breakwater 1   X   X Breakwater 1 
1026+72 X X X X Breakwater 10 
1037+50   X X   Gap 
1046+98 X X X X Gap 
1057+20   X X   Gap 
1067+19 X X X X Breakwater 19 
Breakwater 20 X X   X Breakwater 20 
1078+47   X X   Gap 
1087+47 X X X X Gap 
1096+47   X X   Gap 
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(Table 2 continued) 
SURVEY DATA AVAILABLE 
1106+73   X X X Gap (Near BW 28) 
1116+73   X X   Breakwater 30 
1126+90 X X X X Gap (Near BW 32) 
1135+96   X X   Gap 
444+00 X X X X Gap (Near BW 36) 
454+65   X X   Gap 
463+25 X X X X Gap 
472+25   X X   Gap 
485+00 X X X X Gap 
494+75   X X   Gap 
Breakwater 48 X X X X Breakwater 48 
503+75 X X X X Gap 
512+75   X X     
521+75 X X X X Gap 
530+75   X X   Gap 
539+75 X X X X Gap 
550+00   X X   Gap 
560+00 X X X X Breakwater 62 
570+00   X X   Gap 
580+25 X X X X Gap 
589+25   X X   Gap 
Breakwater 68 X X X X Breakwater 68 
599+50   X X   Gap 
602+75   X X   Gap 
604+00 X X X X Gap (Near BW 72) 
Breakwater 83   X   X Breakwater 83 
Note: Locations listed from west to east along project. 
 
4.1.3 Modify Survey Data for Import into AutoCAD Civil 3D 
In order to utilize the survey data to create three-dimensional surfaces, the data required adaptation for 
processing by the modeling software and ease of identification within the model.  Survey data acquired 
from CPRA is composed of individual survey data points recorded along transects oriented about an 
established baseline.  Each point is comprised of a point number, northing, easting, description, 
elevation, and station along the baseline. 
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First, the survey data were sorted by year so that individual datasets could be created for each year a 
survey was performed.  Individual spreadsheets were created for the years 2003, 2005, 2006, and 2009.  
Survey points for each transect surveyed were then inserted into the spreadsheets for each respective 
year.  Transects were inserted into the respective spreadsheets in order of stations from smallest to 
largest.  Points in each respective spreadsheet were then renumbered with a new point number 
consisting of a prefix denoting the year of the survey point and a suffix denoting the position of the 
point within the dataset (i.e. 20090001 denotes the first point in the 2009 dataset).  Re-numbering was 
required due to duplicate point numbers within the original survey datasets.  Each dataset was then 
organized in a PNEZD (Point/Northing/Easting/Elevation/Description) column format and saved as a 
comma separated value (CSV) file for insertion into the modeling software. 
 
Figure 7 - Points from a survey imported into the model; inset shows point nodes and elevations 
4.1.4 Generate Three-Dimensional Topographic Surfaces 
Once the survey data were formatted, the datasets for each survey year could be imported into 
AutoCAD Civil 3D 2012 (Version F.51.0.0) and utilized to create three-dimensional surfaces.  First, the 
dataset for each survey was imported as a point group for each respective year, identified as Point 
Group 2003, Point Group 2005, Point Group 2006, and Point Group 2009.  These points are identified 
within the model as nodes with attributes consisting of the point number, coordinates, elevation, and 
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description.  Each point group was imported separately in order to maintain the ability to view, model, 
and analyze data for each year separately. 
With the point files imported into the model, surfaces could then be constructed for each survey using 
the point files.  The surfaces created by Civil 3D are created by triangulating between points using the 
Delaunay triangulation method.  This surface is known as a triangulated irregular network (TIN) surface.  
Therefore, for the survey data provided, the surfaces are triangulated with a fine mesh in the vicinity of 
the survey transects, where multiple survey points were recorded, and a coarse mesh in the areas 
between the survey transects, where points were not recorded.  The following table shows the number 
of points, minimum and maximum elevation, surface area, and triangulation properties of each surface: 
Table 3 – TIN surface properties of Holly Beach survey data 
Year 2003 2005 2006 2009 
Number of points 777 1624 799 1212 
Minimum elevation -8.17' -7.74' -4.18' -8.93' 
Maximum elevation 9.53' 11.34' 9.78' 9.52' 
          
2D surface area (SF) 27,338,683.75 33,203,092.48 13,933,014.81 35,050,166.90 
3D surface area (SF) 27,351,523.57 33,226,950.14 13,951,090.72 35,075,688.13 
Mean Grade/Slope 1.66% 1.96% 2.97% 1.76% 
          
Number of triangles 1488 3159 1491 2310 
Maximum triangle area (SF) 1,025,405.74 1,036,260.73 329,635.00 1,133,225.46 
Minimum triangle area (SF) 0.23 0.03 0.03 0.07 
Minimum triangle length 0.14' 0.25' 0.04' 0.04' 
Maximum triangle length 6037.48' 5673.68' 5921.69' 7644.30' 
 




Figure 8 - 2005 Surface created from survey points 
4.1.5 Generate Sediment Transport Volume Surfaces 
After the initial surfaces were created, it was desired to obtain the difference in volume of the surfaces 
in order to determine the sediment transport into or out of the system.  The difference in volume 
between the surfaces can be determined using two different methods.  The first method, described in 
this section, is to create additional volumetric surfaces which are generated by overlaying one TIN 
surface on top of another, then creating a resultant three-dimensional surface from the volume 
captured between the two surfaces.  When a TIN surface created from a survey is overlaid on top of 
another TIN surface created from a survey from a previous year, all points on the surface of the later 
survey that are higher in elevation than points in the same location from the previous survey account for 
accretion.  Similarly, all points of the later survey that are lower in elevation than points in the same 
location from the previous survey account for erosion.  The resultant differences in the two surveys are 
triangulated in a manner similar to the initial surface creation techniques by Civil 3D, and the resultant 














For example, to create a Sediment Transport Volume surface, or a volumetric change surface, for the 
period of time between the 2005 and 2006 surveys, these two respective surfaces would be used as 
reference surfaces.  First, the 2005 survey would be designated in the model as the “base surface”.  
Next, the 2006 survey would be designated as the “comparison surface”.  Then, the difference between 
surface elevations of the 2005 and 2006 survey elevations is triangulated to form the volumetric 
transport surface, where volumes above the base surface are calculated as accretion, and volumes 
below the base surface are calculated as erosion.  Using this new sediment transport volume surface, 
the location and magnitude of accretion and/or erosion can be identified.  It is important to note that 
the sediment transport volume surface does not represent a physical surface, such as the surveyed 
surfaces represent, but a volume difference between two reference surfaces.  An example of a 
volumetric transport surface is shown in Figure 9: 
 
Figure 9 - Volumetric change surface from 2005-2006 
4.1.6 Calculate Volumes using Average-End-Area Method 
The second method that can be used to determine the difference in volume between the surfaces is to 
use the average-end-area method.  Similar to the volumetric surface method, the average-end-area 



















constructing profiles along a baseline for the two surfaces to be compared, represented as cross-
sections of the surfaces.  Areas are calculated for all portions of the cross-sections for which the 
comparison surface is above or below the reference surface.  Areas of the comparison surface above 
and below the reference surface are considered to be areas of accretion and erosion, respectively.  The 
areas of accretion between consecutive cross-sections are then averaged and multiplied by the length 
between the consecutive cross-sections to obtain a volume of accretion between the sections.  The 
volume of erosion between consecutive cross-sections is calculated similarly.  The volumes of accretion 
and erosion between all cross-sections can then be added to determine a total volume of sediment 
transport into or out of the system. 
The methods used to execute the average-end-area method in Civil 3D are described in the sections 
below: 
4.1.6.1 Create Alignment 
In order to construct cross-sections along a surface in the model, an alignment (or baseline) must be 
established.  For the purposes of this study, the alignment was created by duplicating the survey 
baseline referenced in the 2005 survey.  This baseline was selected because, for the survey data 
provided by CPRA, the distance of all points surveyed was identified as a distance from the 2005 
baseline.  For each transect surveyed in 2005, the point of the transect on the baseline was identified 
and duplicated in a separate point file, resulting in a list of 15 points from which to construct an 
alignment in the model.  The new points, consisting of a point number, northing, easting, elevation, and 
description, were imported into the model in a manner similar to the import process for surfaces.  The 
baseline was then drawn through these points and dedicated as the alignment.  A portion of the 
baseline is shown in Figure 10: 
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Figure 10 - Alignment along 2005 Baseline 
4.1.6.2 Construct Sample Lines Along Transects for Profiles 
Once the alignment was constructed, sample lines were created along the alignment.  These sample 
lines represent the lines through which cross-sections will be “cut” through the surface.  For the 
purposes of this study, sample lines were created at the same points along the alignment at which the 
survey transects were located for comparison of the model to the survey results.  Within the model, the 
origin of each sample line was placed at the points used to create the alignment.  Each sample line was 
then extended to the boundary of the outermost survey points for each transect in order to capture the 
full volume surveyed.  Sample lines were extended perpendicular to the alignment at the point of 
intersection.  An illustration of the sample lines is shown in Figure 11: 
 
Figure 11 - Sample lines through transects shown in blue 
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4.1.6.3 Generate Profiles 
Once the sample lines were created along the alignment, cross-sections, or profiles, could be 
constructed at each sample line location.  This is accomplished in the Civil 3D model by utilizing the 
“Section View” tool.  To create the section views, first the alignment and sample line set are identified.  
The stations along the alignment for which to create the section views is set, which for this study 
includes the entire alignment.  The view offset range, which determines the distance on each side of the 
alignment that the section views will extend, is set to equal the length of each of the respective section 
lines.  Similarly, the elevation range, which determines the elevations that are visible in each section 
view, is set to capture the upper and lower bounding elevations of each respective transect.  Lastly, the 
surfaces to be included in each section view are selected.  A sample section view is shown in Figure 12: 
 
Figure 12 - An individual profile view from 2005-2006; accretion and erosion are shown in green and red, 
respectively 
4.1.6.4 Compare Calculated Values to CPRA Values 
Once surface profiles are generated in Civil 3D, volumes of accretion and erosion between consecutive 
cross-sections and cumulative accretion and erosion across the system can be calculated for the time 
periods between surveys.  However, it is important to note that the values computed using the average-
end-area method with the profiles created in Civil 3D are expected to be slightly different than the 
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values computed using profiles generated from using the raw survey data.  This variance is expected due 
to the manner in which profiles used for computation are constructed.   
When profiles are constructed in Civil 3D, the profile is created by “cutting” the surface with a straight 
line, known as a sample line.  While the survey points along each transect are in a relatively straight line, 
some points are not precisely in line due to the variability of collecting data in the field.  The resultant 
profile along the sample line is a reflection of the surface contours created by triangulating the survey 
data.    Therefore, the profiles generated by Civil 3D are not a direct reflection of the survey points, but 
rather a reflection of the surface bound by triangulating these points. 
The CPRA values obtained using the average-end-area method is a reflection of the raw point data.  
These calculations were computed by determining only the perpendicular distance of each point from 
the baseline.  Using this distance and the recorded elevation of the point, the points are plotted in two 
dimensions and connected with straight lines, creating a profile view.  Therefore, while these profiles 
directly reflect the distance from the baseline and elevation of the points, they do not account for the 
small variances in the alongshore locations of the point.  In summary, the points are essentially reduced 
from three dimensions to two dimensions. 
These differences in methods of generating profiles for utilizing the average-end-area method of 
calculating sediment transport account for the differences in the values obtained.  Figure 13 illustrates 
the deviation of the physical survey points from a straight line drawn through the transect.  A summary 




Figure 13 - Alongshore variance of survey points along a transect 
4.2 Methods for Acquisition, Import, Conversion, and Overlay for Aerial Photography 
4.2.1 Acquisition and Characteristics of Aerial Photography 
Aerial photography for this study was obtained from the USGS, CWPPRA, the USDA, and the Louisiana 
Department of Environmental Quality.  The data was acquired March 5
th
, 2012 from online databases 
including the SONRIS System operated by the Louisiana Department of Natural Resources (http://sonris-
www.dnr.state.la.us), Atlas: The Louisiana Statewide GIS operated by Louisiana State University 
(http://atlas.lsu.edu), CWPPRA (www.lacoast.gov), and the United States Department of Agriculture 
(USDA) Geospatial Data Gateway (http://datagateway.nrcs.usda.gov).  Each of these sources offers 
publicly available aerial photography in the form of Digital Orthophoto Quarter Quads (DOQQs).   
Each DOQQ image is geo-referenced to be inserted in the correct location on the earth’s surface for ease 
of use with GIS software.  Each image covers an area of approximately 4 miles by 4.5 miles.  The 
photographs are classified as “1-meter Quarter Quads”, which indicates that each pixel of the image 
represents one meter, or approximately 3.28 feet, of ground distance. 
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4.2.2 Import of Aerial Photography into Civil 3D Model 
To utilize the aerial photography in conjunction with the survey data, the photography was imported 
into the surface model in order to serve as a reference for the surface model and as an evaluation tool 
for characterizing the shoreline response of the Holly Beach Breakwater System to specific events.  
Aerial photography for each year to be overlaid with survey data were published by the following 
sources: 
• 2005 Imagery – USGS, CWPPRA, LDEQ 
• 2006 Imagery – USGS, USDA 
• 2008 Imagery – USGS, CWPPRA, LDEQ 
 
To initially import the aerial photography into Civil 3D, the program’s mapping module was utilized.  The 
mapping component of Civil 3D is a GIS based package that allows the user to import geo-referenced 
data into an assigned coordinate system.  Using this module, the model can be set to a particular 
geodetic datum and projection so that when the geo-referenced map or data are imported, the image is 
placed in the correct location within the assigned coordinate system.  When multiple images are 




Figure 14 - 2005 DOQQ's displayed using Civil 3D mapping module (USGS National Wetlands Research 
Center, CWPPRA Task Force and LA Department of Environmental Quality) 
4.2.2.1 Conversion of Aerial Photography to Correct Coordinate System 
In order for the geo-referenced images to be imported correctly in reference to the survey data, the 
images and data must be referenced to the same geodetic datum and projection.  The survey data 
obtained from CPRA for the Holly Beach breakwaters are referenced in geodetic datum NAD83, 
projection Louisiana State Plane (feet) coordinate system.  The photography obtained from the USGS, 
CWPPRA, and USDA, however, are geo-referenced in geodetic datum UTM83, projection Zone 15 
(meters).  Therefore, the geo-referenced imagery should be converted to NAD83 – Louisiana State Plane 
South in order to be referenced correctly in relation to the survey data. 
To convert the geo-referenced imagery from one coordinate system to another, the Civil 3D mapping 
module is utilized to “reference” the UTM83 – Zone 15 (meters) coordinate system into the NAD83 – 
Louisiana State Plane South (feet) coordinate system.  This is accomplished by creating separate models 
for the photography and survey data, then referencing the model containing the aerial photography into 
the model containing the survey data. 
First, a model is created for the aerial photography.  The coordinate system for the aerial photography 
model is set to geodetic datum UTM83, projection Zone 15 (meters) to match the coordinate system to 
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which the aerial photography is geo-referenced.  The DOQQs encompassing the length of the Holly 
Beach Breakwater System are then imported into the model.  A separate model is created for each set 
of aerial photography corresponding to different years.  For the purpose of this study, aerial 
photography from 2005, 2006, and 2008 was utilized, resulting in three separate aerial photography 
models. 
Once the aerial photography is imported into independent models, the models containing the aerial 
photography are “referenced” into the survey data model.  For this to be accomplished, the model 
containing the survey data is set to geodetic datum NAD83, projection Louisiana State Plane (feet).  The 
survey data is then imported as described in Section 4.1.  The aerial photography models are then 
attached as external references to the survey data model.  When the aerial photography models are 
attached to the survey data model in this manner, the GIS-based mapping module of Civil 3D recognizes 
the difference in geodetic datum and projection of the models and converts the coordinates of UTM – 
Zone 15 (meters) to the coordinates of NAD83 – Louisiana State Plane South (feet).  Using this method, 
the aerial photography is correctly referenced to the survey data and can now be used as a both a 
reference and analysis tool. 
 
Figure 15 - 2005 Survey data and surface with 2005 aerial photography geo-referenced overlay 
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4.3 Interpolation of Survey Data 
4.3.1 Purpose of Survey Data Interpolation 
While the survey data provided by CPRA is useful, the data does not accurately portray a detailed 
surface model of the Holly Beach Breakwater System.  The breakwater system is approximately 7.3 miles 
in total length, with the beach nourishment project (CS-31) encompassing approximately 5.3 miles of 
the total system length.  The survey transects are spaced at intervals of 1,000 – 2,000 feet, depending 
on the year of acquisition of the survey data.  Since the breakwaters are an average length of 175 feet, 
with gap lengths ranging from approximately 100 - 200 feet, as many as 6 breakwaters, and the 
associated gaps between, are not accurately detailed between each survey transect.  As previously 
mentioned, shoreline features such as salients and tombolos are formed behind the breakwater 
structures.  Therefore, these shoreline features are not captured by the survey data as shown in Figure 
16. 
To build a surface model that accurately captures the shoreline features formed as a result of the 
breakwater structures, the survey data were used to create more detailed data sets so that these 
features are included in the data used to build the surface model.  This is accomplished by interpolating 
and/or copying survey data from adjacent and similar cross-sections.  By using this method, the 
coordinates of the surveyed transects can be interpolated to create new transects corresponding to 
each breakwater and breakwater gap.  In addition, elevations from surveyed transects can be either 
interpolated or copied to new interpolated transects with similar characteristics. 
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Figure 16 - Survey data points and surface contour lines from 2005 survey data are shown to not 
capture shoreline features seen on aerial photography. 
4.3.2 Identification of Survey Transects for Interpolation 
In order to accurately analyze the data to create additional transects for use in the surface model, areas 
of the breakwater system displaying similar characteristics were identified.  Areas of similar 
characteristics were identified using aerial photography and breakwater geometry data.  By examining 
the aerial photography for each survey year, breakwaters exhibiting similar shoreline response features 
and similar geometry can be used to create new transects by interpolation between the transects.  For 
areas of the breakwater system that did not have adjacent breakwaters displaying similar 
characteristics, a non-adjacent area displaying similar characteristics can be identified and copied, rather 
than interpolated.  For this study, those portions which were identified as geometrically similar and 
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capable of data interpolation and copying are breakwaters 10 to 23, breakwaters 24 to 34, and 
breakwaters 35 to 64. 






Distance from Shore,  
X (ft) B/X 
Holly Beach 1-4 175 152 435 0.40 
Holly Beach 5-9 175 157 420 0.42 
Holly Beach 10-15 175 107 615 0.28 
Holly Beach 16-23 175 102 650 0.27 
Holly Beach 24-34 175 125 530 0.33 
Holly Beach 35-43 175 191 345 0.51 
Holly Beach 44-64 175 174 380 0.46 
Holly Beach 65-72 175 131 505 0.35 
Holly Beach 73-85 175 111 595 0.29 
 
4.3.3 Processing of Survey Data for Creating New Transects 
First, the survey data to be utilized were organized so that the existing survey transects could be easily 
identified and interpolated or copied to new transects.  This was accomplished using a method similar to 
the methods used to organize the survey data for import into the model, as discussed in 4.1.  Transects 
were organized in a spreadsheet, from the western-most transect to the eastern-most transect.  Each 
transect was listed with a northing, easting, elevation, and station.  Survey transects used to create 
interpolated cross sections are listed in Appendix A. 
Because a majority of transects surveyed were within breakwater gaps, new transects were created for 
the gaps missing data first.  Aerial photography and survey data were examined to determine which 
transects could be interpolated to create new transects between the existing transects.  Interpolation of 
gaps was accomplished by adding the northings, eastings, and elevations, respectively, then dividing the 
sums by two to establish new coordinates midway between the existing coordinates, and elevations 
consisting of the average of the cross-shore profiles.  In most cases, only one gap section was missing 
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data between two surveyed gap sections, so the interpolation was carried out one time between each 
two consecutive transects.  However, in some cases, more than one gap section was missing survey 
data.  In these cases, the interpolation was carried out multiple times over increasingly small intervals 
until each gap missing data between surveyed cross sections was filled. Interpolated gap transects are 
listed in Appendix A. 
Once the gap transects were complete, transects through each breakwater within the survey limits were 
constructed in a similar manner.  Existing transects, both surveyed and interpolated, were identified on 
the sides of each breakwater.  Northing and easting coordinates were interpolated to create transects 
through the breakwaters.  However, the elevations could not be interpolated, since few surveyed cross 
sections were through breakwaters.  To resolve the elevations, three surveyed transects which included 
breakwaters, transects 1067+19, 1116+73, and 560+00, were identified.  Aerial photography and 
breakwater geometry for each breakwater missing elevation data were analyzed to determine to which 
surveyed breakwater transect each was most similar, and the elevations from the three surveyed 
breakwater transects were then copied to the remaining breakwaters.  A figure displaying a sample of 
interpolated transects is shown in Figure 17.  Original survey points are shown in yellow, interpolated 
gap points are shown in green, and interpolated breakwater points are shown in red: 
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Figure 17 – Interpolated points through breakwaters and gaps 
A table listing all transects, both surveyed and artificially created, is shown in Appendix A. 
4.3.4 Generation of Interpolated Surfaces 
Using the new interpolated data, new surfaces are created for each dataset.  These new surfaces display 
a much higher level of detail than the original surfaces, and can capture the specific shoreline features 
associated with the breakwaters.  A sample of the level of detail captured by the new interpolated 
surfaces is shown in Figure 18: 
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Figure 18 – TIN surface created using interpolated data 
It should be noted that the new surface created by the interpolated points does not appear to 
completely match the shape of the shoreline features displayed by the aerial photography.  This 
deviation is assumed to be the result of a variance in the water level and the time of the aerial 
photography and survey.  In Figure 18, the shoreline appears to extend beyond the shoreline identified 
by the surface in some areas, while in other areas the created surface appears to extend beyond the 
shoreline shown by photography.  In this instance, if the aerial photography was taken at a time of low 
tide, the shoreline captured by the aerial photography could be different than the shoreline identified 
by the surface elevations.  In addition, wave action could also induce small changes in the shoreline that 

























4.4 Hydrodynamic Information 
Hydrodynamic information for Hurricanes impacting the Holly Beach breakwater system was used to 
determine the hydrodynamic conditions at the offshore boundaries of the breakwater system.  Critical 
parameters used in the analysis of the Holly Beach breakwaters are storm surge, significant wave 
heights, currents, and wave directions.  The hydrodynamic information was generated using a model 
system developed to predict winds, surges, and waves during hurricane events for gulf-scale and 
regional applications.  The modeling system consists of a hurricane surface wind model, a storm surge 
model (ADCIRC), a wave model (SWAN) and a hydrodynamic and sediment transport model (ECOMSED) 
(Chen et al., 2012).  This model was developed to analyze wave and surge of Gulf of Mexico tropical 
cyclones and simulated hurricanes Ivan (2004), Dennis (2005), Katrina (2005), Rita (2005), Gustav (2008), 
and Ike (2008).  Of these hurricanes, those with significant impacts on the Holly Beach breakwater 
system are Hurricane Rita and Hurricane Ike. 
4.5 Selection of Data for Analysis 
Preliminary analysis of the data revealed portions of the data that were unsuitable for drawing 
conclusions.  The process of selection of data that could be used for detailed analysis was a function of 
the time interval between data collection events, weather events during the data collection events, 
number of transects surveyed for each data collection event, and human interference that artificially 
impacted the system.   
The time interval between data collection events is significant when attempting to differentiate the 
response of the shoreline to different forces.  In order to determine the response of the shoreline to a 
hurricane, for example, the ideal times to collect data would be just before and just after the storm.  
Likewise, the ideal times for data collection to determine the response of the shoreline to a series of 
cold fronts would be at times corresponding to the onset and conclusion of cold fronts and devoid of 
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tropical systems, likely early fall and late spring.  Finally, to fully compare the response of the shoreline 
during different periods, these multiple datasets corresponding to different forces would have to be 
timed such that the shoreline were given sufficient time to stabilize between each event such that one 
does not impact the other. 
For this study, survey datasets are available only for 2003, 2005, 2006, and 2009.  Therefore, due to the 
relative infrequency of data collection events, differentiating the shoreline response to hurricanes, cold 
fronts, and periods of low activity is difficult.  However, strategic analysis of the data paired with 
knowledge gained from the literature review of emergent and submerged breakwaters allows for 
identification of patterns that can be assumed to be associated with certain events.   
 
Figure 19 – Timeline of events for Holly Beach 
Figure 19 shows a timeline of events for the Holly Beach Breakwater System during the study period.  By 
performing a sediment transport analysis for each period between data collection events, identifying the 



































































events that occurred, the dominant forces which most influenced the breakwater system during that 
time period can be identified. 
Weather events between data collection events can be identified to determine the significant forces 
during the measurement period.  Using Figure 19, a determination can be made that, aside from normal 
conditions, the most significant force acting upon the breakwater system between the 2003 and 2005 
survey was Tropical Storm Ivan.  Likewise, the most significant force between the 2005 survey and 2006 
survey was Hurricane Rita.  Finally, between the 2006 survey and 2009 survey, the system was impacted 
by Tropical Storm Humberto, Tropical Storm Edouard, and Hurricane Ike.  These events are considered 
to be the major contributors to the sediment transport patterns during that timeframe.  A summary of 
the storms impacting the system between survey events is given in Table 5: 
Table 5 – Storms impacting the breakwater system during the study period 





from Holly Beach 










Hurricane Rita (5) Johnson's 
Bayou, LA 
















Hurricane Ike (4) Galveston, TX 85 miles west 10.4 feet (Calcasieu 
Pass) 
 
As shown in Table 5, the tropical systems which were capable of submerging the system were Hurricane 
Rita with a surge of 15 feet in 2005 and Hurricane Ike with a surge of 10.4 feet in 2008.  If the sediment 
transport patterns indicate that of a submerged system during the time period between surveys which 
capture these storms, it may be assumed that these storms had a very significant impact on the system. 
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As previously stated, a total of 15 survey transects are available for analysis in the 2003, 2005, 2006, and 
2009 surveys, and an additional 16 transects are available for the 2005 and 2006 surveys.  Due to this 
variability in data available for analysis between years, portions of the breakwater system used in the 
analysis should be strategically selected.  The selection process due to these limitations is further 
outlined in Section 5.2. 
In addition to natural phenomena which impact the system and the sediment transport patterns, human 
intervention with the system was considered when determining the data for analysis.  As previously 
stated in the Project History, a beach nourishment project which added 1.75 million cubic yards of sand 
to the system was completed in spring 2003, prior to the initial survey.  While the nourishment project 
was constructed to a designed profile, this artificial enhancement leads to unnatural sediment transport 
patterns.   
Considering the aforementioned factors, some portions of the data were eliminated from consideration 
for detailed analysis.  First, due to the relatively long periods of time between surveys, it was 
determined that a differentiation could not be made between the impacts of hurricanes and normal 
conditions, since both conditions would be captured by each dataset.  However, by analyzing the 
sediment transport patterns, the dominant conditions during that time period could still be evaluated.   
Similarly, though some events that could cause overtopping of the system occurred, two weather events 
(Hurricanes Rita and Ike) were significantly more powerful and have been confirmed to submerge the 
system.  Therefore, these events will be the focus of the analysis.  Finally, while no significant storms 
impacted the system between the 2003 and 2005 surveys, the re-distribution of excess sediment and 
equalization of the beach profile does not provide an accurate representation of the shoreline to the 
breakwater system. 
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CHAPTER 5: ANALYSIS OF VOLUMETRIC TRANSPORT SURFACES 
5.1 Validation of Non-Interpolated Volumetric Transport Surfaces 
Once the volumetric transport surfaces were constructed, the erosion and accretion values were 
compared to previous reports in order to determine the validity of the results.  The erosion and 
accretion values computed by the surfaces were compared to values published by CPRA in the 2009 
Survey Report (John Chance Land Surveys, Inc., 2009).  In the report, the average-end-area method, as 
described in Section 4.1.6, was used to determine sediment transport volumes. 
As previously described in Section 4.2, the sediment transport volume determined by the surfaces was 
determined using two different methods.  First, the direct volumes of erosion and accretion determined 
by the TIN volume surfaces were compared to the published CPRA values.  These values were compared 
in order to determine if using a volumetric surface to determine volume changes would produce similar 
results as using the average-end-area method to determine volume changes.  A table summarizing the 
results is shown in Table 6: 
Table 6 – Comparison of total sediment transport using end-area method and surface volumes 
Comparison using Civil 3D Surface Volume and CPRA End-Area Method 














CPRA End-Area  -1,315,506 55,349 -1,260157 -415,883 53,296 -362,588 
Surface Model -1,389,229 47,044 -1,342,185 -433,296 48,256 -385,040 
% Difference 5.31 17.65 6.11 4.02 10.44 5.83 
 
As shown in the table, for the datasets from 2005-2009 and 2006-2009, the surface model calculated 
more erosion and less accretion than the average-end-area method.  When the net sediment transport 
values are compared, the surface model values are within 6.11% and 5.83% of the values computed 
using the average-end-area method.  These differences are likely due to the manner in which the values 
47 
are determined.  While the average-end-area-method simply uses an average of the areas of accretion 
and/or erosion at each transect, the surface model calculations are determined by triangulated surface 
volumes. 
Due to the moderate variance between the erosion and accretion values determined by the datasets, 
different methods for comparing the datasets were considered.  In order to more accurately compare 
the datasets, it was determined that both the surface models and the CPRA calculations should be 
calculated similarly.  Therefore, a comparison was completed by “cutting” cross sections through the 
surface models at locations near the surveyed transects, applying the average-end-area method to 
those cross-sections, then comparing those values to the values provided by CPRA.  The results of these 
calculations are given in Table 7: 
Table 7 – Comparison of total sediment transport using sections generated from surface models to CPRA data 
Comparison of End-Area Method using Civil 3D and Raw Survey Data 
  2005-2009 2006-2009 
  
Erosion 




(CY) Accretion (CY)  
Total 
Trans. 
Total Civil 3D -1,408,186 58,005 -1,350,180 -455,212 55,738 -399,474 
Total CPRA -1,315,506 55,349 -1,260,157 -415,883 53,296 -362,588 
% Difference 7.05 4.80 7.14 9.46 4.58 10.17 
 
As shown in Table 7, using this method to compare the total net sediment transport between survey 
years produces similar results.  While the total erosion values still differ by 7% to nearly 10%, the total 
accretion values are within 5% for both datasets.  When combining erosion and accretion, the difference 
in net sediment transport is less than between 7% and 10% for both datasets when applying the 
average-end-area method to the surface models. 
Finally, the differences between applying the average-end-area method to a given volumetric transport 
surface and using the raw volume of the surface were compared.  Comparing these values, the 
differences in total net transport are very small, as shown in Table 8: 
48 
Table 8 – Comparison of total sediment transport using TIN surface volumes and sections generated from TIN 
surfaces  
Comparison using Civil 3D Surface Volume and End-Area Method 














End-Area  -1,408,186 58,005 -1,350,180 -455,212 55,738 -399,474 
Surface Model -1,389,229 47,044 -1,342,185 -433,296 48,256 -385,040 
% Difference 1.36 23.30 0.60 5.06 15.51 3.75 
 
As shown by Table 8, using two different methods within the same transport surface to compute the 
volumetric transport between survey years yields very similar results, with the maximum difference 
being less than 4%.  In addition, using the same method, such as the average-end-area method, with 
both the raw survey data and a volumetric surface created by that data, yields similar transport results.  
Therefore, it is determined that using the three-dimensional TIN surfaces to both represent the survey 
data and perform sediment transport calculations is sufficiently accurate to perform sediment transport 
calculations. 
5.2 Sediment Transport Results for Surge Events 
After validating the sediment transport calculations, the sediment transport values could then be used 
to compare the net volumetric transport during specific time periods and within specific segments of the 
system.  For the purposes of this study, specific areas within the system which presented the most 
complete data for analysis and comparison were identified.  These areas were in the vicinity of 
Breakwater 19 (Station 1067+19), Breakwater 30 (Station 1116+73), and Breakwater 62 (Station 
560+00).  These three areas were selected because survey transects were available through Breakwaters 
19, 30, and 62 for accurate shoreline interpolation, and because the distance from shore of each of 
these breakwater sections varies, providing an opportunity to compare the sediment transport patterns 
and volumes of breakwaters of varying geometry. 
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In order to compare the sediment transport patterns throughout different portions of the breakwater 
system, a basis of comparison was developed.  In each of the designated areas, profiles of the surfaces 
were created through the breakwaters, through the gaps between the breakwaters, and each end of the 
breakwaters.  Using these profiles, volumetric transport calculations could then be performed in a way 
that isolates the sediment transport behind the breakwaters from the sediment transport within the 
gaps.  An example of these profile locations is shown in Figure 20: 
 
Figure 20 – Profile locations used for computations 
Once these profiles were created for each area, it was necessary to develop a variable for comparing 
how each area performed during each analysis period.  The basis of performance of the breakwaters 
was determined to be the ability of the breakwaters to retain sediment within the system during a surge 
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event.  To characterize this performance, an erosion to accretion ratio was developed in order to 
compare different areas within the system.  This ratio is defined as the amount of sediment removed 
divided by the amount of sediment gained for a given analysis area, as follows: 
Erosion to accretion ratio = Volume of Erosion / Volume of Accretion 
  Therefore, a ratio less than one indicates net accretion for an analysis area, while a ratio greater than 
one indicates net erosion for an analysis area.  This ratio can be applied to either a two-dimensional 
area, such as a cross-shore profile, or to a computed volume, such as the volumetric transport values 
computed behind a breakwater or within a gap.  By applying this ratio to different areas within the 
system, the ability of breakwaters of different geometry to retain sediment within the system can be 
determined and compared.  
5.2.1 Impact of Hurricane Rita: Analysis of 2005 to 2006 
5.2.1.1 Volumetric Transport Surface Patterns 
In general, the volumetric transport surface patterns for the time period coinciding with Hurricane Rita 
indicated erosion in areas that would be expected in the vicinity of submerged breakwaters as indicated 
by Ranasinghe & Turner (2006).   
By analyzing the volumetric transport surface for the time period from 2005 to 2006 in the vicinity of 
breakwaters 18, 19, and 20, clear patterns can be identified at select cross-shore locations.  First, mixed 
erosion and accretion can be identified in the back-beach area of the cross-shore profile.  This mixed 
erosion and accretion is likely a result of dune over-wash during the storm surge associated with 
Hurricane Rita.  Along the beach dune and berm areas, a generally erosional pattern is detected.  For the 
shore area near these breakwater segments, the highest rates of erosion are found in the dune and 
berm portion of the beach profile.  Beyond the shoreline in the area between the breakwaters and the 
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beach berm, a pattern of accretion is seen across all breakwaters 18, 19, and 20.  The volumetric 
transport surface in this area is shown in Figure 21: 
 
Figure 21 – Volumetric change surface for Breakwaters 18, 19, and 20 between 2005 and 2006; 
erosion/accretion scale in feet 
In addition to these general patterns across the beach profile, smaller localized patterns were noted 
behind the individual breakwaters 18, 19, and 20.  Beginning with breakwater 18, moving eastward to 
breakwater 20, these breakwaters are positioned progressively closer to the 2005 shoreline.  A small, 
barely detectable salient is located behind breakwater 18.  Behind breakwaters 19 and 20, larger, more 
defined salients have formed.  However, as seen in the volumetric sediment transport surface shown in 
Figure 21, the erosion rate in the vicinity of the salients is inversely proportionate to the breakwater 




















           Figure 22a - Breakwaters 18, 19, and 20 in 2005           Figure 22b – Breakwaters 18, 19, and 20 in 2006 
Analyzing the volumetric transport surface in the vicinity of breakwaters 29, 30, and 31 reveals similar 
patterns, with some notable differences associated with breakwater geometry.  While the average 
distance to shore near breakwaters 18, 19, and 20 at the time of the 2005 survey was approximately 320 
feet, breakwaters 29, 30, and 31 were initially constructed much closer to the shoreline, and the average 
distance to shore in 2005 was only 100 feet.  Along the back-beach area, mixed erosion and accretion 
associated with dune over-wash is visible in this area, though the cross-shore extents of this portion of 
the profile are not as large as near breakwaters 18, 19, and 20.  This difference may be associated with a 
smaller dune, resulting in less sediment available for transport.  Along the beach berm, areas with high 
rates of erosion are present directly behind the breakwaters, while the erosion rates are less severe on 
the berm in areas associated with breakwater gaps.  Finally, the areas directly behind the breakwaters 
between the shoreline and the structures show high rates of erosion, with little to no accretion.  
However, some accretion is present in the gaps between the breakwaters. 
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Figure 23 - Volumetric change surface for Breakwaters 29, 30, and 31 between 2005 and 2006; 
erosion/accretion scale in feet 
The difference in erosion and accretion patterns between breakwaters 18, 19 and 20 and breakwaters 
29, 30, and 31 appear to be consistent with observations from lab and numerical models as noted by 
Ranasinghe & Tuner (2006) and Ranasinghe et al. (2006).  Breakwaters 18, 19, and 20 are greater than 
three times farther from shore than breakwaters 29, 30, and 31, and the sediment transport patterns 
directly in the lee of the breakwaters appear to be very different.  Typically, under emergent conditions, 
breakwaters closer to shore are expected to induce more sediment accretion than breakwaters placed 
farther from the shoreline.  However, in this instance, the breakwaters placed closer to shore seem to 
increase erosion, which is consistent with lab and numerical models that show that submerged 
breakwaters near the shoreline can increase erosion.  In addition, this pattern indicates that, although 
the breakwaters are emergent for a majority of the year, a surge event may cause the breakwaters to 
behave as submerged breakwaters for some period of time, and the effects may be such that they can 



















Finally, analysis of the volumetric transport surface in the vicinity of breakwaters 60, 61, and 62 
indicates much more erosion in this area with very little accretion.  The surface indicates a very small 
amount of mixed erosion and accretion beyond the dune, severe erosion of the dune, and high rates of 
erosion along the beach berm.  In addition, the area between the breakwaters and the shoreline is 
characterized almost totally by erosion both behind the breakwaters and within the gaps, with only one 
small area of accretion indicating sediment being trapped behind breakwater 62.  The volumetric 
transport surface for this area is shown in Figure 24: 
 
Figure 24 - Volumetric change surface for Breakwaters 60, 61, and 62 between 2005 and 2006; 
erosion/accretion scale in feet 
The erosion and accretion patterns in the vicinity or breakwaters 60, 61, and 62, like those of 
breakwaters 29, 30, and 31 indicate a shift in the balance of the sediment transport patterns behind the 
breakwaters.  Much like breakwaters 29, 30, and 31 were closer to shore than breakwaters 18, 19, and 
20, breakwaters 60, 61, and 62 are even closer to shore, with an average offshore distance of 



















lee of the breakwaters is seen, resulting in a similarly inverse relationship between the decreasing 
breakwater offshore distance and increasing erosion pattern. 
5.2.1.2 Cross-shore Profiles 
Once the erosion and accretion patterns generated by the volumetric transport surface were identified, 
profiles through the surface were evaluated to determine the exact quantities of erosion and accretion 
in specific areas.  Profiles generated through select breakwaters for the three primary areas under 
consideration are shown in Figure 25: 
 
Figure 25 – Select breakwater profiles showing erosion and accretion from 2005 to 
2006; vertical axis in feet North American Vertical Datum of 1988 (NAVD88) 
As shown in the figure and discussed in the previous section, a clear relationship can be seen between 
the breakwater distance to shore and the erosion and accretion patters.  The profile of Breakwater 19, 
which measures approximately 375 feet from the 2005 shoreline, shows mixed erosion and accretion 
landward of the dune, severe erosion of the dune, and mixed erosion of the beach berm.  However, 
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seaward of the berm, in the area between the breakwater and the shoreline, notable accretion has 
occurred.  This pattern is very consistent with the hydrodynamic patterns identified by lab and 
numerical studies, which show that a submerged breakwater placed far from the shoreline can produce 
convergent currents near the shoreline that induce accretion. 
The profile of Breakwater 30, which measures approximately 88 feet from the 2005 shoreline, shows 
significant erosion of the dune and beach berm crest, mixed erosion and accretion near the shoreline, 
and some accretion in the vicinity of the breakwater, though much less significant than that of 
Breakwater 19.  This pattern is also consistent with those identified by lab and numerical studies, which 
indicate that as a submerged breakwater is moved closer to shore, the divergent currents produced near 
the shoreline can induce erosion. 
The profile of Breakwater 62, which measures approximately 50 feet from the 2005 shoreline, shows 
nearly total erosion of the dune and beach profile, with a very small amount of accretion directly in the 
lee of the breakwater.  Once again, this pattern is consistent with those indicated by lab and numerical 
studies. 
In addition to these profiles, profiles of the surfaces generated through the gaps between breakwaters 
were evaluated to compare the sediment transport patterns in the gaps to those behind the 
breakwaters.  Profiles generated though select gaps near the profiles generated though the breakwaters 
are shown in Figure 26: 
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Figure 26 – Select gap profiles showing erosion and accretion from 2005 to 2006; 
vertical axis in feet (NAVD88) 
As shown in Figure 26, the erosion and accretion patterns in the gaps adjacent to the breakwaters are 
very similar to that of the patterns directly behind the breakwaters.  The gap between breakwaters 18 
and 19, for example, shows mixed erosion and accretion of the back-beach, erosion of the dune and 
beach berm, but a significant amount of accretion near and just offshore of the shoreline.  In addition, 
the gap between breakwaters 30 and 31 shows similar patterns to that of breakwater 30, with mixed 
erosion and accretion along the entire beach profile, and accretion just beyond the shoreline, though 
not as significant as that of the gap between breakwaters 18 and 19.  Finally, the gap between 
breakwaters 61 and 62 shows total erosion of the dune and beach profile, with no accretion to offset 
the erosion.  This is similar to the profile of breakwater 62, though in the gap there is no breakwater 




5.2.1.3 Erosion to Accretion Ratio 
Once the profiles of the volumetric transport surfaces were evaluated, erosion and accretion areas and 
volumes were computed to assign erosion to accretion ratios to each studied segment.  The erosion and 
accretion areas, volumes, and ratios for the study areas are shown in Table 9: 
Table 9 – Erosion to accretion ratios: 2005 to 2006 
 
As shown in Table 9, the erosion to accretion ratio varies inversely with the breakwater distance from 
shore.  For breakwaters 18, 19, and 20, for example, the erosion to accretion ratio ranges from 




















34+72 202.75 217.26 0.00 0
35+56 202.21 245.26 633.09 723.07
36+41 229.51 217.45 674.92 723.37
37+66 288.06 201.87 1200.19 972.36
39+20 214.18 217.72 1428.59 1193.50
40+41 230.18 264.16 994.79 1078.79
42+17 160.15 288.03 1277.75 1807.60
43+45 190.61 308.61 826.30 1405.53
44+41 197.05 344.33 694.27 1169.37
45+69 248.57 401.35 1055.95 1766.99
46+97 111.35 456.43 852.81 2032.46
84+98 30.59 511.96 0.00 0
85+83 48.47 389.88 124.18 1416.56
86+68 88.87 191.59 215.70 913.23
87+78 182.59 76.19 552.17 544.68
89+59 67.24 439.36 839.48 1732.34
90+44 65.17 438.88 207.96 1379.32
91+29 100.76 246.91 260.60 1077.07
92+73 317.73 72.27 1115.28 850.61
93+74 164.32 202.93 903.84 516.00
94+59 127.86 339.63 458.88 852.12
95+44 191.16 317.02 501.63 1032.52
229+04 12.66 442.77 0.00 0
229+88 2.64 440.64 24.03 1387.61
230+73 2.08 466.35 7.41 1424.48
232+01 5.99 495.46 19.07 2272.90
233+67 8.46 388.75 44.59 2728.28
234+55 25.66 315.29 55.07 1136.24
235+39 9.3 339.49 54.91 1028.37
237+03 5.44 408.42 44.63 2264.37
238+13 5.1 312.24 21.43 1465.48
238+97 9.73 284.99 23.29 937.98























Gap 62-63 66.06 3729.84
BW 63 53.02 1863.590
Gap 61-62 63.66 5001.18
BW 62 109.97 2164.610
BW 31 960.51 1884.64
BW 61 31.45 2812.09
BW 30 468.56 2456.40
Gap 30-31 2019.12 1366.61
BW 29 339.88 2329.79

















that for this segment, the erosion is offset by the accretion or, in some cases, is twice as much as the 
accretion.  The erosion to accretion ratio for breakwater 29, 30, and 31, by comparison, ranges from 2 to 
7 behind the breakwater and 0.7 to 1.65 within the gaps.  Here, the erosion behind the breakwaters is 2 
to 7 times greater than the accretion, indicating that much less sediment is maintained behind the 
breakwaters.  Within the gaps in this segment, however, sufficient accretion is still present to maintain 
sediment within the system.  Finally, the erosion to accretion ratios for breakwaters 61, 62, and 63 vary 
from 20 to 90 behind the breakwaters and from 50 to 80 within the gaps.  Within this segment of the 
breakwater system, the erosion values are high with little, if any, accretion to offset the erosion 
patterns.  Therefore, this segment of the system was the least efficient of the study areas at maintaining 
sediment within the system during the time period between the 2005 and 2006 surveys. 
5.2.2 Impact of Hurricane Ike: Analysis of 2006 to 2009 
5.2.2.1 Volumetric Transport Surface Patterns 
The volumetric transport surface patterns during the time period from 2006 to 2009, corresponding to 
the impact of Hurricane Ike, displayed some similarities and some differences to the patterns during 
2005 to 2006.  In the vicinity of breakwaters 18, 19, and 20, mixed erosion and accretion is present along 
the back-beach, once again likely the result of dune over-wash.  In addition, high rates of erosion are 
present along the dune, similar to the dune erosion caused by Hurricane Rita.  However, along the beach 
berm, the sediment transport patterns appear to be slightly different for Hurricane Ike.  For this time 
period, high rates of erosion are present in the gaps between the breakwaters while lower rates of 
erosion, and even some accretion, is present along the berm directly behind the breakwaters.  The 
volumetric transport surface is shown in Figure 27: 
60 
 
Figure 27– Volumetric change surface for Breakwaters 18, 19, and 20 between 2006 and 2009; 
erosion/accretion scale in feet 
In the vicinity of breakwaters 29, 30, and 31, no analysis was conducted for this time period due to 
insufficient data. 
In the vicinity of breakwaters 60, 61, and 62, the erosion and accretion patterns of the volumetric 
transport surface are similar to those of breakwaters 18, 19, and 20.  In this area, mixed erosion and 
accretion is once again present in the area behind the dune.  However, erosion of the dune area does 
not appear to be severe.  Along the beach berm, severe erosion is once again present in the gaps 
between breakwaters, while the erosion is less severe directly behind the breakwaters.  The volumetric 




















Figure 28– Volumetric change surface for Breakwaters 60, 61, and 62 between 2006 and 2009; 
erosion/accretion scale in feet 
While the sediment transport patterns from 2006 to 2009 are different in some ways from those of 2005 
to 2006, one similarity is that areas of erosion along the beach berm and in the area between the 
shoreline and the breakwaters appear to be much larger in the vicinity of breakwaters 60, 61, and 62 
than the areas of erosion in the vicinity of breakwaters 18, 19, and 20.  This is consistent with the trends 
seen during Hurricane Rita which indicate that erosion is more severe in the vicinity of breakwaters that 
are closer to the shoreline.  These observations are confirmed in the subsequent analysis of the cross-
shore profiles.  
5.2.2.2 Cross-shore Profiles 
Similarly to the analysis for 2005 to 2006, the cross-shore profiles of the volumetric transport surface 
through the selected breakwaters were analyzed to determine the erosion and accretion quantities 
behind the breakwaters.  At the time of the 2006 survey, breakwater 19 measured 370 feet from the 



















mixed erosion and accretion along the back-beach, erosion in the area where the dune was present in 
2005, slight accretion along the berm crest, and slight erosion seaward of the shoreline.  Breakwater 62, 
which was 35 feet from the shoreline at the time of the 2006 survey, displays erosion in the area 
formerly occupied by the dune, slight accretion along the berm crest, and fairly significant erosion along 
the shoreline directly in front of the breakwater. 
 
Figure 29– Select breakwater profiles showing erosion and accretion from 2006 to 2009; 
vertical axis in feet (NAVD88) 
Analysis of the area within the gaps of the selected breakwaters was also performed for the 2006 to 
2009 study period.  In the gap between breakwaters 18 and 19, a small area of accretion is present at 
the back-beach, presumably due to over-wash.  The remainder of the profile shows significant erosion.  
Similarly, the gap between breakwaters 61 and 62 displays virtually no accretion and significant erosion 
for the remainder of the profile. 
63 
 
Figure 30– Select gap profiles showing erosion and accretion from 2006 to 2009; vertical 
axis in feet (NAVD88) 
5.2.2.3 Erosion to Accretion Ratio 
Considering the difference in erosion and accretion patterns during the 2006 to 2009 study period from 
the 2005 to 2006 study period, the erosion to accretion ratio was once again computed in order to 
quantify the differences between study periods and also between different segments of the breakwater 
system.   
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Table 10 – Erosion to accretion ratios: 2006 to 2009
 
 
As shown in Table 10, the erosion to accretion ratio is generally higher for the 2006 to 2009 study period 
as compared to the 2005 to 2006 study period.  In addition, the erosion to accretion ratio is generally 
greater in the gaps than behind the breakwaters, which is different from the 2005 to 2006 study period.  
Finally, the erosion to accretion ratio in the vicinity of breakwaters 18, 19, and 20 ranges from 
approximately 5 to 30 behind the breakwaters and approximately 20 to 30 within the gaps.  In the 
vicinity of breakwaters 61, 62, and 63, the erosion to accretion ratio varies from approximately 20 to 
500 behind the breakwaters and approximately 80 to 100 within the gaps.  While these numbers do 
indicate that the erosion to accretion ratio is inversely proportional to the breakwater distance from 
shore, a clear relationship cannot be associated between the erosion to accretion ratio and the presence 
of a breakwater.  Though the ratio is higher within the gaps than behind the breakwaters, the 
breakwater and gap values are on the same order of magnitude within geometrically similar segments 




















34+72 52.26 466.7 0.00 0
35+56 56.42 514.7 169.90 1534.26
36+41 44.71 749.04 158.10 1975.65
37+66 39.06 1105.78 194.25 4301.12
39+20 61.53 497.1 286.12 4559.30
40+41 112.62 267.05 389.87 1710.71
42+17 50.67 719.24 534.53 3228.64
43+45 24.14 1059.19 176.23 4189.52
44+41 17.53 873.73 74.63 3461.72
45+69 11.42 729.73 68.60 3799.61
46+97 71.24 691.85 195.86 3368.35
229+04 5.98 374.01 0.00 0
229+88 5.54 398 18.09 1212.63
230+73 8.36 561.77 21.83 1507.37
232+01 11.35 788.15 46.58 3190.06
233+67 1.3 402.6 39.03 3674.13
234+55 26.51 219.41 44.88 1003.86
235+39 2.69 432.55 45.86 1023.94
237+03 13.52 862.27 49.08 3920.19
238+13 0.6 882.44 28.71 3547.90
238+97 1.12 639.08 2.70 2389.63
239+82 2.66 458.96 5.94 1724.53
Gap 62-63 77.79 7468.09 96.00
BW 62 0 90.74 2027.79 22.35
BW 63 0 8.64 4114.16 476.28
Gap 61-62 85.61 6864.19 80.18
BW 61 40 39.93 2720.00 68.13
Gap 19-20 250.86 7651.24 30.50
BW 19 315 924.40 4939.34 5.34
BW 20 285 264.46 7167.96 27.10
Gap 18-19 480.38 8860.42 18.44
BW 18 352 328.00 3509.90 10.70
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5.3 Hydrodynamic Analysis 
In addition to the sediment transport patterns, hydrodynamic patterns in the vicinity of the breakwater 
system were analyzed in order to determine if the spatial variability of the sediment transport can be 
attributed to hydrodynamic forces rather than breakwater geometry.  Hurricane Rita and Hurricane Ike 
were analyzed to determine the offshore boundary conditions in the vicinity of the breakwater system 
during hurricane conditions.  The average crest elevation of the breakwater structures is approximately 
3.8 feet NGVD.  The maximum recorded storm surge at Holly Beach was determined to be 
approximately 15 feet MSL by high water marks (Knabb et al., 2011) during Hurricane Rita.  During 
Hurricane Ike, the maximum recorded storm surge at the Calcasieu Pass tide gauge, approximately 9 
miles from the Holly Beach breakwaters, was 10.4 feet MSL (Berg, 2010).   
To differentiate between different segments of the breakwater system, five points were chosen offshore 
of segments of the breakwater system with different geometric configurations.  These points are shown 
in Figure 31.  For both Hurricane Rita and Hurricane Ike, hydrodynamic properties such as wave height, 
storm surge, and wave period were analyzed.  These results of this analysis are discussed in further 
detail below.  For comparison, the significant wave heights and water level values have been normalized 
to reference the point associated with Breakwaters 1-9.   
66 
 
Figure 31 – Locations of hydrodynamic property points 
 Analysis of the Hurricane Rita hydrodynamic information indicated that the largest significant wave 
heights were found in the vicinity of Breakwaters 35 to 64 and Breakwaters 65 to 72.  At each of these 
locations, the maximum significant wave height was 1.1 times larger than the significant wave height at 
the reference point.  The smallest maximum significant wave heights, approximately 0.97 times the 
maximum significant wave height at the reference point, were identified in the vicinity of Breakwaters 
73 to 85.  The maximum significant wave heights for the remaining segments of the system were only 
slightly smaller than the significant wave heights in the vicinity of Breakwaters 35 to 64 and Breakwaters 
65 to 72.  This variation is not considered to be significant. 
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Figure 32 – Hurricane Rita maximum significant wave heights 
Maximum storm surge across the system during Hurricane Rita was also analyzed to determine if 
siginificant spatial variations were present that may affect sediment transport patterns.  The water 
levels were studied along a time series to determine if the time of submergence varied across the 
system.  As shown in Figure 33, some small spatial variations were present across the system in regard 
to storm surge, as the maximum storm surge for each system segment increased from west to east.  
Maximum surge within the system was in the vicinity of Breakwaters 73 to 85, and was found to be 
approximately 1.1 times larger than the surge at the reference point, located in the vicinity of 
Breakwaters 1 to 9.  The minimum surge was located in the vicinity of Breakwaters 1 to 9.  No significant 
differences in surge duration were detected within the breakwater system.  Therefore, since the 
variations in water levels were relatively small and the duration of inundation was nearly identical across 
the system, the spatial variations of storm surge during Hurricane Rita within the system are considered 




























Figure 33 – Hurricane Rita water levels 
Analysis of the Hurricane Ike hydrodynamic information indicated that the largest significant wave 
heights were found in the vicinity of Breakwaters 1 to 9 and Breakwaters 35 to 65.  However, the 
maximum significant wave heights for the remaining segments of the system were only slightly smaller, 
the smallest of which being in the vicinity of Breakwaters 73 to 85.  The maximum significant wave 
heights in this area were approximately 0.9 times the maximum significant wave heights at the 
reference station.  Therefore, much like Hurricane Rita, the spatial variation of the maximum significant 
wave height within the breakwater system is not considered to be significant.  These results are shown 
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Figure 34 – Hurricane Ike maximum significant wave heights 
Maximum storm surge across the system during Hurricane Ike was also analyzed to determine if 
siginificant spatial variations were present that may affect sediment transport patterns.  Similarly to the 
Hurricane Rita analysis, the water levels were studied along a time series to determine if the time of 
submergence varied across the system.  As shown in Figure 35, some small spatial variations were 
present across the system in regard to storm surge, as the maximum storm surge for each system 
segment increased from east to west, as opposed to west to east for Hurricane Rita.  Maximum surge 
within the system was located in the vicinity of Breakwaters 1 to 9, while the minimum surge was 
located in the vicinity of Breakwaters 73 to 85.  No significant differences in surge duration were 
detected within the breakwater system.  Therefore, since the variations in water levels were relatively 
small and the duration of inundation was nearly identical across the system, the spatial variations of 
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CHAPTER 6: CONCLUSIONS 
6.1 Summary of Results 
Through analysis of bathymetric and topographic survey data of Holly Beach, the sediment transport 
patterns associated with two storm surge events generated by hurricanes were identified and 
quantified.   
The creation of volumetric transport surfaces referenced with aerial photography identified erosion and 
accretion patterns within the breakwater system.  These patterns clearly displayed the difference in 
sediment transport patterns associated with breakwaters of different geometric configurations 
impacted by storm surge.  It has been found that the breakwaters closest to shore have the highest 
rates of erosion, while breakwaters placed further from the shore were able to retain a particular 
amount of sediment within the system under conditions caused by two severe hurricanes. 
Cross-shore profiles of the surfaces aided in identifying the sediment transport patterns and quantifying 
the erosion or accretion within segments of the breakwater system.  These profiles showed that, in 
general, the most severe areas of erosion occurred along the dune and berm crest of the beach profile.  
The profiles also showed that for breakwaters placed far from the shoreline, some portion of the 
sediment eroded from the dune and beach berm was retained in the area between the shoreline and 
the breakwater.  In some cases, the accretion of sediment between the shoreline and breakwater was 
sufficient to offset the erosion of the beach dune and berm.  However, profiles of breakwaters placed 
very near the shoreline performed quite differently, as the profiles displayed significant erosion but 
little, if any, accretion to offset the sediment being removed from the system. 
Using the volumetric transport surfaces and cross-shore profiles, the net sediment transport within 
selected segments of the system with varying geometries was calculated.  Through these calculations, 
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an erosion to accretion ratio was generated to characterize a particular segment’s performance in 
regards to retaining sediment within the breakwater system.  The selected segment of the system 
farthest from the shoreline in the vicinity of Breakwaters 18, 19, and 20, had the lowest erosion to 
accretion ratio for both Hurricane Rita and Hurricane Ike.  Ratios in this segment ranged from 1 to 2 
behind breakwaters and from 0.8 to 1.7 within gaps during Hurricane Rita and from 10 to 30 behind 
breakwaters and from 20 to 30 within gaps during Hurricane Ike.  By contrast, ratios for the segment of 
the system closest to the shoreline in the vicinity of Breakwaters 61, 62, and 63 ranged from 20 to 90 
behind breakwaters and 50 to 80 within gaps and from 20 to 500 behind breakwaters and from 80 to 
100 within gaps during Hurricane Ike. 
A hydrodynamic analysis which investigated the waves and storm surge generated by Hurricane Rita and 
Hurricane Ike at the offshore boundary of the breakwater system was also completed.  The analysis 
showed that there was very little spatial variation of the storm surge or wave conditions along the 
breakwater system.   
6.2 Discussion and Conclusions 
While the analysis discussed in the preceding sections does not conclusively determine whether 
segmented breakwaters can typically be considered effective shoreline protection structures, especially 
in the presence of storm surge and other high energy events, this study successfully quantifies the 
severe impacts of storm surge on a shoreline protected by breakwaters and also successfully determines 
that geometric configurations of breakwaters optimized for normal conditions can be expected to 
perform differently during surge events.  These conclusions are justified by the disparity in performance 
of breakwaters at Holly Beach with differing geometric configurations.  Typically, breakwaters placed 
near the shoreline are predicted by empirical models to induce more sediment accumulation than 
breakwaters placed further from the shoreline.  Considering this theory, breakwaters placed at a shorter 
73 
distance from shore should result in a larger volume of sediment being accumulated than eroded for a 
period of time until equilibrium is reached, at which point the net sediment transport will shift to zero.  
However, data and analysis methods evaluated by this study show that during measurement periods 
from 2005 to 2006 and from 2006 to 2009, which correspond to high surge events caused by Hurricane 
Rita and Hurricane Ike, respectively, breakwaters placed at a greater distance from the shoreline 
consistently resulted in less erosion and more accretion than breakwaters placed closer to the shoreline.   
These findings are significant because they show that emergent breakwaters, when impacted by a storm 
surge, perform as submerged breakwaters.  In addition, the timing of surveys of Holly Beach in relation 
to the landfall dates of the hurricanes indicate this behavior appears to be substantial enough that the 
changes to the shoreline are relatively long-standing.  While Hurricane Rita made landfall at Holly Beach 
in September 2005, the subsequent survey was not performed until July 2006.  Following landfall of 
Hurricane Rita, approximately 10 months elapsed during which the shoreline may have recovered from 
the effects of the storm surge and reversed the erosion and accretion patterns to those more indicative 
of emergent breakwaters.  Similarly, approximately four months elapsed between landfall of Hurricane 
Ike and the subsequent survey of Holly Beach.  However, the analysis performed in this study clearly 
shows that the beach did not recover from the erosional patterns associated with submerged 
breakwaters during the study period. 
6.3 Future Research 
During the course of this study, numerous additional paths of research in regards to breakwaters and 
beach erosion during surge events were encountered.  While this additional research could prove to be 
very beneficial in addition to this study, these additional topics were beyond the scope of this study.  
These topics are, however, presented here in hopes of additional research of these topics being 
performed. 
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First, this study was unable to differentiate the effects of storm surge on a beach protected by 
breakwaters from those of a beach not protected by breakwaters due to data limitations.  This study 
successfully determined the difference in erosion patterns between segments of a beach which are 
influenced by breakwaters of different geometric configurations.  However, no baseline data was 
available to determine if more or less erosion is likely to occur during storm surge events if no 
breakwaters were present.  Extension of the survey area to adjacent beaches not protected by 
breakwaters is desirable to fully determine the impacts of the breakwaters. 
Also, while this study was able to clearly identify erosion patterns created by the submergence of 
breakwaters during surge events, a clear delineation of the sediment transport patterns caused by 
normal low-energy conditions, cold fronts, and surge events was not identified due to insufficient data.  
The Holly Beach breakwater system displayed long-lasting localized erosion caused by the submergence 
of the breakwaters during surge events.  These erosion patterns were successfully linked to the varying 
geometry of different segments of the breakwater system.  However, these segments of the breakwater 
system of varying geometry likely also perform differently during non-surge conditions.  Breakwaters 60, 
61, and 62, for example, displayed the highest rates of erosion when linked to surge events, however 
these breakwaters are expected to also display the highest rates of sediment accumulation during 
normal conditions, as predicted by empirical models.  Therefore, future research may be able to 
successfully identify an optimized breakwater geometric design which provides both the desired positive 
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APPENDIX A: COMPLETE TRANSECT LISTING 
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Table 11 – 2005 & 2006 Transect Information 
Station Coordinate Data Origin Elevation Data Origin 
1026+72 Surveyed Surveyed 
1037+50 Surveyed Surveyed 
1039+87 Interpolated from 1037+50 and 1042+24 Copied from 1067+19 
1042+24 Interpolated from 1037+50 and 1046+98 Interpolated from 1037+50 and 1046+98 
1044+61 Interpolated from 1042+24 and 1046+98 Copied from 1067+19 
1046+98 Surveyed Surveyed 
1049+54 Interpolated from 1046+98 and 1052+09 Copied from 1067+19 
1052+09 Interpolated from 1046+98 and 1057+20 Interpolated from 1046+98 and 1057+20 
1054+65 Interpolated from 1052+09 and 1057+20 Copied from 1067+19 
1057+20 Surveyed Surveyed 
1058+45 Interpolated from 1057+20 and 1059+70 Copied from 1067+19 
1059+70 Interpolated from 1057+20 and 1062+20 Interpolated from 1057+20 and 1078+47 
1062+20 Interpolated from 1057+20 and 1067+19 Copied from 1067+19 
1064+69 Interpolated from 1062+20 and 1067+19 Interpolated from 1057+20 and 1078+47 
1067+19 Surveyed Surveyed 
1070+01 Interpolated from 1067+19 and 1072+83 Interpolated from 1057+20 and 1078+47 
1072+83 Interpolated from 1067+19 and 1078+47 Copied from 1067+19 
1075+65 Interpolated from 1072+83 and 1078+47 Interpolated from 1057+20 and 1078+47 
1077+06 Interpolated from 1075+65 and 1078+47 Copied from 1067+19 
1078+47 Surveyed Surveyed 
1080+72 Interpolated from 1078+47 and 1082+97 Copied from 1067+19 
1082+97 Interpolated from 1078+47 and 1087+47 Interpolated from 1078+47 and 1087+47 
1085+22 Interpolated from 1082+97 and 1087+47 Copied from 1067+19 
1087+47 Surveyed Surveyed 
1089+72 Interpolated from 1087+47 and 1091+97 Copied from 1067+19 
1091+97 Interpolated from 1087+47 and 1096+47 Interpolated from 1087+47 and 1096+47 
1094+22 Interpolated from 1091+97 and 1096+47 Copied from 1067+19 
1096+47 Surveyed Surveyed 
1099+04 Interpolated from 1096+47 and 1101+60 Copied from 1067+19 
1101+60 Interpolated from 1096+47 and 1106+73 Interpolated from 1096+47 and 1106+73 
1104+17 Interpolated from 1101+60 and 1106+73 Copied from 1067+19 
1106+73 Surveyed Surveyed 
1107+98 Interpolated from 1106+73 and 1109+23 Copied from 1116+73 
1109+23 Interpolated from 1106+73 and 1111+73 Interpolated from 1106+73 and 1126+90 
1111+73 Interpolated from 1106+73 and 1116+73 Copied from 1116+73 
1114+23 Interpolared from 1111+73 and 1116+73 Interpolated from 1106+73 and 1126+90 
1116+73 Surveyed Surveyed 
1119+27 Interpolated from 1116+73 and 1121+82 Interpolated from 1106+73 and 1126+90 
1121+82 Interpolated from 1116+73 and 1126+90 Copied from 1116+73 
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(Table 11 continued) 
Station Coordinate Data Origin Elevation Data Origin 
1124+36 Interpolated from 1121+82 and 1126+90 Interpolated from 1106+73 and 1126+90 
1125+63 Interpolated from 1124+36 and 1126+90 Copied from 1116+73 
1126+90 Surveyed Surveyed 
1129+17 Interpolated from 1126+90 and 1131+17 Copied from 1116+73 
1131+43 Interpolated from 1126+90 and 1135+96 Interpolated from 1126+90 and 1135+96 
1133+70 Interpolated from 1131+43 and 1135+96 Copied from 1116+73 
1135+96 Surveyed Surveyed 
1138+35 Interpolated from 1135+96 and 441+62 Copied from 1116+73 
441+62 Interpolated from 1135+96 and 444+00 Interpolated from 1135+96 and 444+00 
442+00 Interpolated from 441+62 and 444+00 Copied from 1116+73 
444+00 Surveyed Surveyed 
446+66 Interpolated from 444+00 and 449+33 Copied from 560+00 
449+33 Interpolated from 444+00 and 454+65 Interpolated from 444+00 and 454+65 
451+99 Interpolated from 449+33 and 454+65 Copied from 560+00 
454+65 Surveyed Surveyed 
456+80 Interpolated from 454+65 and 458+95 Copied from 560+00 
458+95 Interpolated from 454+65 and 463+25 Interpolated from 454+65 and 463+25 
461+10 Interpolated from 458+95 and 463+25 Copied from 560+00 
463+25 Surveyed Surveyed 
465+50 Interpolated from 463+25 and 467+75 Copied from 560+00 
467+75 Interpolated from 463+25 and 472+25 Interpolated from 463+25 and 472+25 
470+00 Interpolated from 467+75 and 472+25 Copied from 560+00 
472+25 Surveyed Surveyed 
473+84 Interpolated from 472+25 and 475+44 Copied from 560+00 
475+44 Interpolated from 472+25 and 478+63 Interpolated from 475+25 and 485+00 
478+63 Interpolated from 472+25 and 485+00 Copied from 560+00 
481+81 Interpolated from 478+63 and 481+81 Interpolated from 475+25 and 485+00 
483+41 Interpolated from 481+81 and 485+00 Copied from 560+00 
485+00 Surveyed Surveyed 
487+44 Interpolated from 485+00 and 489+88 Copied from 560+00 
489+88 Interpolated from 485+00 and 494+75 Interpolated from 485+00 and 494+75 
492+31 Interpolated from 489+88 and 494+75 Copied from 560+00 
494+75 Surveyed Surveyed 
497+00 Interpolated from 494+75 and 499+25 Copied from 560+00 
499+25 Interpolated from 494+75 and 503+75 Interpolated from 494+75 and 503+75 
501+50 Interpolated from 499+25 and 503+75 Copied from 560+00 
503+75 Surveyed Surveyed 
506+00 Interpolated from 503+75 and 508+25 Copied from 560+00 
508+25 Interpolated from 503+75 and 512+75 Interpolated from 503+75 and 512+75 
80 
(Table 11 continued) 
Station Coordinate Data Origin Elevation Data Origin 
510+50 Interpolated from 508+25 and 512+75 Copied from 560+00 
512+75 Surveyed Surveyed 
515+00 Interpolated from 512+75 and 517+25 Copied from 560+00 
517+25 Interpolated from 512+75 and 521+75 Interpolated from 512+75 and 521+75 
519+50 Interpolated from 517+25 and 521+75 Copied from 560+00 
521+75 Surveyed Surveyed 
524+00 Interpolated from 521+75 and 526+25 Copied from 560+00 
526+25 Interpolated from 521+75 and 530+75 Interpolated from 521+75 and 530+75 
528+50 Interpolated from 526+25 and 530+75 Copied from 560+00 
530+75 Surveyed Surveyed 
533+00 Interpolated from 530+75 and 535+25 Copied from 560+00 
535+25 Interpolated from 530+75 and 539+75 Interpolated from 530+75 and 539+75 
537+50 Interpolated from 535+25 and 539+75 Copied from 560+00 
539+75 Surveyed Surveyed 
542+31 Interpolated from 539+75 and 544+88 Copied from 560+00 
544+88 Interpolated from 539+75 and 550+00 Interpolated from 539+75 and 550+00 
547+44 Interpolated from 544+88 and 550+00 Copied from 560+00 
550+00 Surveyed Surveyed 
551+25 Interpolated from 550+00 and 552+50 Copied from 560+00 
552+50 Interpolated from 550+00 and 555+00 Interpolated from 550+00 and 570+00 
555+00 Interpolated from 550+00 and 560+00 Copied from 560+00 
557+50 Interpolated from 555+00 and 560+00 Interpolated from 550+00 and 570+00 
560+00 Surveyed Surveyed 
562+50 Interpolated from 560+00 and 565+00 Interpolated from 550+00 and 570+00 
563+75 Interpolated from 562+50 and 565+00 Copied from 560+00 
565+00 Interpolated from 560+00 and 570+00 Used for coordinate transformations only 
567+50 Interpolated from 565+00 and 570+00 Interpolated from 550+00 and 570+00 
568+75 Interpolated from 567+50 and 570+00 Copied from 560+00 
570+00 Surveyed Surveyed 
572+56 Interpolated from 570+00 and 575+13 Copied from 1116+73 
575+13 Interpolated from 570+00 and 580+25 Interpolated from 570+00 and 580+25 
577+69 Interpolated from 575+13 and 580+25 Copied from 1116+73 
580+25 Surveyed Surveyed 
582+50 Interpolated from 580+25 and 584+75 Copied from 1116+73 
584+75 Interpolated from 580+25 and 589+25 Interpolated from 580+25 and 589+25 
587+00 Interpolated from 584+75 and 589+25 Copied from 1116+73 
589+25 Surveyed Surveyed 
591+81 Interpolated from 589+25 and 594+38 Copied from 1116+73 
594+38 Interpolated from 589+25 and 599+50 Interpolated from 589+25 and 599+50 
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(Table 11 continued) 
Station Coordinate Data Origin Elevation Data Origin 
596+94 Interpolated from 594+38 and 599+50 Copied from 1116+73 
599+50 Surveyed Surveyed 
602+75 Surveyed Surveyed 




Table 12 - 2009 Transect Information 
Station Coordinate Data Origin Elevation Data Origin 
1026+72 Surveyed Surveyed 
1046+98 Surveyed Surveyed 
1057+09 Interpolated from 1046+98 and 1067+19 Copied from 1067+19 
1059+61 Interpolated from 1057+09 and 1062+14 Interpolated from 1046+98 and 1087+47 
1062+14 Interpolated from1057+09 and 1067+19 Copied from 1067+19 
1064+66 Interpolated from 1062+14 and 1067+19 Interpolated from 1046+98 and 1087+47 
1067+19 Surveyed Surveyed 
1069+73 Interpolated from 1067+19 and 1072+26 Interpolated from 1046+98 and 1087+47 
1072+26 Interpolated from 1067+19 and 1077+33 Copied from 1067+19 
1074+80 Interpolated from 1072+26 and 1077+33 Interpolated from 1046+98 and 1087+47 
1077+33 Interpolated from 1067+19 and 1087+47 Copied from 1067+19 
1087+47 Surveyed Surveyed 
1106+73 Surveyed Surveyed 
1126+90 Surveyed Surveyed 
444+00 Surveyed Surveyed 
463+25 Surveyed Surveyed 
485+00 Surveyed Surveyed 
503+75 Surveyed Surveyed 
521+75 Surveyed Surveyed 
539+75 Surveyed Surveyed 
549+88 Interpolated from 539+75 and 560+00 Copied from 560+00 
552+41 Interpolated from 549+88 and 554+94 Interpolated from 521+75 and 539+75 
554+94 Interpolated from 549+88 and 560+00 Copied from 560+00 
557+47 Interpolated from 554+94 and 560+00 Interpolated from 521+75 and 539+75 
560+00 Surveyed Surveyed 
562+53 Interpolated from 560+00 and 565+06 Interpolated from 521+75 and 539+75 
565+06 Interpolated from 560+00 and 570+13 Copied from 560+00 
567+59 Interpolated from 565+06 and 570+13 Interpolated from 521+75 and 539+75 
570+12.5 Interpolated from 560+00 and 580+25 Copied from 560+00 
580+25 Surveyed Surveyed 
604+00 Surveyed Surveyed 
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APPENDIX B: CIVIL 3D AND CPRA TRANSECT COMPARISONS 
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Table 13 - Comparison of 2005 to 2009 CPRA and Civil 3D transects 
 
Table 14 - Comparison of 2006 to 2009 CPRA and Civil 3D transects 
Total 3D Total CPRA
CPRA Station Civil 3D Station Area (SF) Volume (CY) Area (SF) Volume (CY) Area (SF)  Volume (CY) Area (SF)  Volume (CY) Volume (CY) Volume (CY)
1026+72 0+01.71 539.57 97.24 699.69 85.93 13.17 -22.88
1046+98 20+22.47 908.22 54178.69 110.21 7763.00 879.44 59246.77 115.66 7563.32 -46415.69 -51683.45 -10.19 -4.71 3.27
1067+19 40+40.75 1061.30 75013.05 274.82 14557.75 914.93 67156.00 271.04 14472.64 -60455.30 -52683.35 14.75 1.40 16.00
1087+47 60+69.50 1680.29 100477.37 37.63 11577.91 1685.05 97643.77 32.08 11383.84 -88899.46 -86259.93 3.06 17.29 -0.28
1106+73 79+94.15 1201.37 104577.81 232.39 9637.67 867.62 91045.12 217.37 8897.19 -94940.14 -82147.93 15.57 6.91 38.47
1126+90 99+98.95 1699.36 104783.77 3.91 8756.65 1208.06 77530.16 16.38 8731.07 -96027.12 -68799.09 39.58 -76.13 40.67
444+00 118+65.15 1895.28 120362.70 9.63 467.48 1744.02 100862.63 0.00 559.65 -119895.22 -100302.98 19.53 NA 8.67
463+25 137+76.03 1542.98 124859.95 1.22 384.13 1366.60 110887.70 6.04 215.42 -124475.82 -110672.28 12.47 -79.81 12.91
485+00 159+51.23 1904.77 139360.32 7.49 350.85 1925.36 132592.59 2.07 326.85 -139009.47 -132265.74 5.10 261.49 -1.07
503+75 178+26.01 1565.39 120477.53 0.28 269.73 1525.56 119823.51 0.27 81.46 -120207.80 -119742.05 0.39 2.19 2.61
521+75 196+25.75 1535.06 103333.44 3.96 141.45 1364.92 96349.17 3.74 133.63 -103191.99 -96215.53 7.25 6.02 12.47
539+75 214+26.01 1418.43 98005.89 0.55 150.58 1414.59 92650.10 0.61 144.73 -97855.31 -92505.37 5.78 -9.39 0.27
560+00 234+50.86 1138.65 95883.56 3.31 144.99 1158.38 96486.23 1.09 63.56 -95738.57 -96422.66 -0.71 204.23 -1.70
580+25 254+76.02 1113.99 84480.48 41.79 1691.67 1165.36 87140.10 25.35 991.24 -82788.81 -86148.86 -3.90 64.88 -4.41
604+00 278+51.65 753.77 82391.18 5.98 2111.40 792.10 86091.81 15.23 1784.42 -80279.78 -84307.40 -4.78 -60.73 -4.84












Total 3D Total CPRA
OCPR Station Civil 3D Station Area (SF) Volume (CY) Area (SF) Volume (CY) Area (SF)  Volume (CY) Area (SF)  Volume (CY) Volume (CY) Volume (CY)
1026+72 0+01.71 398.70 31.95 412.30 27.28 17.14 -3.30
1046+98 20+22.47 151.47 20588.54 165.15 7263.28 165.37 21673.44 93.40 4527.40 -13325.26 -17146.04 -22.28 76.83 -8.41
1067+19 40+40.75 248.17 15061.27 144.73 11537.96 220.11 14426.91 149.18 9078.74 -3523.31 -5348.16 -34.12 -2.98 12.75
1087+47 60+69.50 764.96 37551.92 27.87 6432.67 572.08 29751.25 30.02 6730.14 -31119.25 -23021.10 35.18 -7.17 33.71
1106+73 79+94.15 393.26 41794.48 111.06 4968.71 243.17 29077.29 134.42 5865.24 -36825.77 -23212.05 58.65 -17.38 61.72
1126+90 99+98.95 531.49 33722.03 43.50 5701.09 475.51 26843.95 60.96 7297.80 -28020.94 -19546.15 43.36 -28.64 11.77
444+00 118+65.15 460.71 33682.07 25.24 2350.59 315.84 27037.79 11.89 2489.01 -31331.48 -24548.78 27.63 112.23 45.87
463+25 137+76.03 644.59 39696.92 9.21 1222.70 672.29 35225.11 22.64 1231.04 -38474.22 -33994.07 13.18 -59.32 -4.12
485+00 159+51.23 635.16 51660.72 5.75 602.88 686.37 54724.13 3.75 1063.05 -51057.84 -53661.08 -4.85 53.21 -7.46
503+75 178+26.01 322.28 33240.59 4.86 368.62 323.63 35069.55 7.56 392.71 -32871.97 -34676.84 -5.20 -35.69 -0.42
521+75 196+25.75 371.16 23111.25 13.99 628.49 351.81 22514.67 13.09 688.37 -22482.76 -21826.30 3.01 6.84 5.50
539+75 214+26.01 456.37 27507.88 30.70 1488.90 486.75 27952.17 13.83 897.37 -26018.98 -27054.80 -3.83 122.03 -6.24
560+00 234+50.86 295.99 28211.44 29.37 2252.64 236.78 27132.53 28.18 1575.08 -25958.80 -25557.45 1.57 4.24 25.01
580+25 254+76.02 366.18 24833.17 75.92 3948.62 381.10 23170.65 79.11 4023.15 -20884.55 -19147.50 9.07 -4.03 -3.92
604+00 278+51.65 644.02 44549.91 82.42 6971.19 557.56 41283.97 89.98 7436.78 -37578.72 -33847.18 11.02 -8.40 15.51
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Survey Methodology Report 
Office of Coastal Protection and Restoration 
HOLLY BEACH SAND MANAGEMENT PROJECT (CS-31) 
Maintenance & Monitoring Surveys 
Post Hurricane Ike 






The purpose of this survey was to perform survey services necessary for maintenance and 
monitoring of the Holly Beach Sand Management Project (CS-31) for the Office of Coastal Protection 
and Restoration (OCPR). This Scope of Work included performing comparative cross-section surveys 
at five rock breakwater locations and fifteen transect locations previously surveyed along the existing 
shoreline of Holly Beach Breakwaters south of La Highway 82 in Cameron Parish. The survey was 
performed using Real-time Kinematic (RTK) surveys utilizing existing LCZ Primary and Secondary 
GPS monuments as reference control. The collected profile data was compared to post construction 
data collected in 2003 by others and survey data collected in August 2005 under Task Order Number 
5 prior to Hurricane Rita and January 2006 Post Hurricane Rita.  This survey data would benefit to 
determine the affects of post storm beach erosion. 
 
 
Pre-Planning the RTK Survey 
Prior to commencement of the survey, the locations of the sample cross-section data, at the request 
of Darrell Pontiff, was uploaded into the RTK TSC2 dataloggers to facilitate identification in the field. 
This would allow the surveyors to navigate to the pre-plotted transects in the field, thereby duplicating 
the precise location previously surveyed. 
 
A minor problem existed with the 
2003 sample dataset. Although the 
data was referenced to the same 
monument to be used in this 
survey, the elevation differed.  An 
elevation of 8.39 feet was 
previously used on Monument 
“OCEAN” to reference the 2003 
dataset in contrast to a value of 
7.62 feet which was published and 
held by OCPR as determined from 
GPS observations and 
adjustments. It was determined 
that this value of 8.39 feet 
originated from its’ 1933 published 
value and was no longer valid. To 
eliminate the discrepancy between 
the datasets, a correction value of -
0.77 feet was applied the 2003 dataset using Trimble TGO software. 
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Comparative Cross-Sections at Sampled locations 
On Tuesday, January 20, 2009, a survey crew from John Chance Land Surveys, Inc. traveled to the 
Holly Beach project site to commence the task of taking post storm cross-sections. Attempts to locate 
monument “OCEAN” at Constance Beach and its Eccentric “OCEAN 2” failed and it was believed to 
be destroyed from heavy equipment performing beach excavation for debris removal post Hurricane 
Ike. Efforts to locate monument “CS01-SM-03” also proved to be futile for the same reason. As an 
alternate reference monument the survey crew was successful in locating a benchmark BM-4 along 
LA Highway 82 which was used on a previous survey.  
 
Upon setting up the RTK base station at “BM-4” and 
initializing the rover unit, a QC shot was measured near 
the base monument to verify that the system was 
operational and delivering corrected positions. As a 
quality control check, static GPS was also performed at 
the base station so that post processing could be 
performed on the base location utilizing the NGS Online 
Positioning User Service (OPUS) Program1. This would 
give an independent check of the Base coordinates and a 
check of the elevation at the base. It should be noted, 
however, that the independent OPUS check is only valid 
for relative delta height differences since this datum 
represents a different epoch. 
 
The survey crew commenced on beach transects at the west end of the project area and surveyed 
from wading depth northward to the transect endpoint. Topographic shots were taken approximately 
every 10 feet or where the grade change was evident.   
 
On Friday, January 23rd, two survey 
crews traveled to the project site to “tie 
in” water bottoms and beach shots 
along the fifteen pre-planned transect 
lines and on the gulf side of the rock 
breakwaters. As per the Scope of 
Services, topographic shots were 
acquired with the RTK system at the 
approximate locations of sample shots 
previously acquired to document post 
construction conditions as well as 
comparisons from post storm to pre-
storm changes.   
 
The RTK Survey was performed with 
the horizontal position, elevation and a 
time tag of each topo shot recorded on 
the Trimble TSC2 RTK datalogger by 
holding the fixed height pole with a flatfoot and GPS antenna at the location of the sample shot and 
storing the fixed position.  Survey work continued, off and on, through Wednesday, February 4th.  
 
                                                          
1  The National Geodetic Survey operates the On-line Positioning User Service (OPUS) as a means to provide GPS users easier access to the National 
Spatial Reference System (NSRS). OPUS allows users to submit their GPS data files to NGS, where the data will be processed to determine a position 
using NGS computers and software. Each data file that is submitted will be processed with respect to 3 CORS sites.  
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Upon completion of the comparative cross-sections survey, the datalogger was downloaded and the 
information then checked. The GPS positions for the RTK survey were based on the adjusted NAD83 
horizontal and NAVD88 vertical position using Geoid99 for the monuments occupied, as determined 
by GPS static survey performed at an earlier date.  Positions for the RTK Survey were checked and 
verified using Trimble Geomatics Office (TGO) software, version 1.63. 
 
The completed and checked RTK Data was then exported in “ascii” format and then bought into 
AutoCAD file with the Sample Cross-Section data.  Cross-sections were generated in Microsoft Excel 
from both data sets (new and historical) and overlaid with each other so that a comparative analysis 
could be made.  Results of the Comparative Cross-Sections can be found in this Survey Report. 
 
GPS Survey Equipment and Software used 
The Static GPS and Real-time Kinematic (RTK) survey 
consisted of two Trimble Navigation’s dual-frequency R7 
GNSS GPS receivers (base and rover) along with external 
Zephyr GPS Model 2 antennas and a Pacific Crest 
PLD4535 radio link to transmit corrections to the rover from 
the base setup.  Two-meter fixed height tripods were used 
to eliminate human error that could be introduced by mis-
measurement of the GPS antenna heights.  A two-meter 
fixed height tripod was used at the base and a two-meter 
fixed height rod at the rover, except for shots taken in 
deeper water which required an extended pole. A modified 
flatfoot was used at the rover pole to minimize ground penetration, thus corrupting the actual ground 
elevation. Geoid99 was used to determine the Geoid separation and applied to the ellipsoid heights 
for elevation determination. The data was collected using Trimble TSC2 datalogger, version 12.22 
and downloaded using Trimble Geomatics Office (TGO), version 1.63. 
 
Static GPS Adjustment & OPUS Solutions 
The static GPS data that was collected while the RTK Survey was being performed was downloaded 
and submitted to the NGS OPUS Program as an independent check. Rinex files for CORS station 
observations were also downloaded and imported into Trimble TGO software along with the GPS 
observations performed on the RTK base stations.  Adjustments were made using both Geoid99 and 
Geoid03 and holding to the published ellipsoidal heights of the CORS stations. The results of these 
adjustments can be found in this report 
and should be used for reference only. 
 
It should be noted however, that the 
Geoid99 model was used to adjust this 
survey to be consistent with sample 
data previously collected and adjusted 
using this model. Also, the static GPS 
survey used to determine heights on the 
GPS monuments used within this 
survey was performed in 2002. The LCZ 
Primary Control used to adjust this GPS 
Network in 2002 was the “best available 
science” at the time of survey and 
utilized published elevations on NGS 
HARN Stations as the primary source to 
generate elevations on the GPS 
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monuments used in this survey. Differences were observed between the heights used as a basis for 




























 Ricardo M. Johnson, PLS 
 Project Manager 
FINAL NOTE 
Please be advised that the static GPS network survey, which was created to determine the three-dimensional 
positions of deep rod monument to a specific vertical datum within this project, and all other surveys related 
to and referenced from this monument, only represent an epoch, a snapshot at the time that the survey was 
performed. Due to the effects of crustal motion, subsidence, upheaval, drought, hurricanes and other 
conditions which influence the physical position and stability of surface monuments and other structures 
within the Louisiana Coastal Zone, it is recommended that GPS monuments within this network be 
periodically re-surveyed for the purpose of verifying the three dimensional position of the reference 
monuments included in this survey. Therefore, by duplicating the same methods and procedures used in this 
GPS survey, positional changes such as local subsidence can be monitored. Also be aware that differences 
in the adjusted results may be noticeable with the advent of new CORS Stations being used in the adjustment 
and revisions to the Geoid model becoming available. 
 
The GPS Survey protocols performed in support of this project was in accordance with the Louisiana 
Department of Natural Resources (LDNR) requirements described in “A Contractor’s Guide to Minimum 
Standards Required by Louisiana Department of Natural Resources, Coastal Restoration Division for 
Contractor’s Performing GPS Surveys and Establishing GPS Derived Orthometric Heights Within the 
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